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1. QuatfiluShusb Guenpui—ih 
(Engineering Drawing) - urr&LL 1 


spQjj Gurries)mu ujDffil ^uSJuld Q&trjoas/rlsv 

61® 6)795 0617 631<5 61®/_ 6£0 UI—£$SV 3SrTL-Q\SU§] 

ff)/Dt 5 £ 5 &>i srsiru& t i QuigjsurraG>su iurrsu(njd(&jii) 

Qs,ijltfiff, 0/dg ft sit. Q u njfihiShu <svmsrr 0<®0 (gjfiluurra 
$]&>! ^^(LpdSluj£B^isuLb GunriLir5£&>i. 

s-raiaerr S)SlLi^.sv (S<5f763i<? LD/76iy = gi/63i/7<®0LD 

^ujrB^irj^^isb spq^ urraab a_63i/_/50/ 6i® lIz_ 0/ 
Grmtr}] 63i6i7<s0/<® QarTsfrGsurTLb. 2 -urfl urraab 

ffl 631 /_ <95 <95 61® sb 631 SO. ^ljjS631/6311_lU 617 LJ_ 617 631LD L7 L/LD 

^msi^LD Qanfj^^s,nsb Q#iugi pspupisj-iLiLC) srstriQ] 
ustsi&LDssKStsruSlsb Q&msv&l/DrrrjaGrr. 6763/63/ 

G)&>rr(j))LiiSri&iofT? ^)ldld7^)/® spq^sutf smsj.su 63i ld<s<s 
QuiTQ^snstr LDjDQfDST(i)SU[} S-Qjjsurr&ag 
<3<56S)617U_//76Sr ^63163700/<5 &,&SUGb&G$)SfnLILD 
GlarTsmi—gi^rrsw QuirjfiluShusv susmpui—Lb 
(EngineeringDrawing). (Lpmansv^^lsv u ls).Quj(J j) 

&)nstflsv (tracingpaper) su 63i l h hi lijSV (ffljf) 06U ffitfisv 


sr® u u rj. ^aCSsu £|)6 U/d/71/<®0 $<sv (blue 
print) GTGSTfQ QuaJQJjLD 2_SM/lj!. 


650<S^/d5(531Syf 2_0SU®<5^/ LD/D/DGU [jaGlfl l—LD 
(o)<5Syf)si//766SiyLD LDILI IT&Gl] LD fithiasrr 

u&DrjrB&tiQamsfrsupjDta) (^§1 a_<ssiy Q/ogj. stsd^il/ld 
2_06u/7<®<95 (SsiismQLDrrstsTmsv u^LDrrsmrhisnsrr, 

GUiq.suthiadr LDfOgULD gJSVsdhULb ^QlLIGUJOStn/Dp 
QtsfflrBgil Qatrsnsn (SsusmQLD. Qurrifluflujsv 

susnrrpsv af)gpd Qarrsmi—rrsv ldlIQCSld 

&fliurr&Lj L//f)ujsu 0 i£). .*06 i5)<s6)t LD/DgpLb asvsflsvfl 
2 -&,s:ShiSlmrSl s-f.Q&.&LDrta, su&nprs^i spqj) LDtr^lflu 
ui—&>G$)&> (sketching or freehand drawing) LDjOfD 
QurrjfiluflujsvrrGrTrjaGifli—Lb QarrQ^rrsv <sqGS)&,u 
untj£&,sqi—G$r tfmi&sb spqtj Q^rrLflsv QptfilfiaTjtj 
(professional) srsirtrp ^surf&(tsijid(§t5 
Q^t}hu(Ssusm(f)Lb. ^^(Ssu^rrsir, Qutrj^hiShusv 
suG$)tj&>eb srsiru&ti QurrjfiluflujsvrrGrTrjas/rlsir QwrrLfl 
GTsirtQ] Q^tTsvSlCSptTLD. @ tu[f,S'lrrsfujsotd 0 

LDlf(f)LDSVSVtTLDSV QU[TglUQU[T/fluflILIsi), 
LflsmQutTJ^hlfluJSV LDJDgpLD USV QUtTtfiluSlILIGO 
3 } ]G$)!D8i<§fT)'£(&)Lb uiusiru(fisu^tTsv STSVSVtTU 



QunrfiluShusb LDrrsmGujatQnjLb £§)6>)<su uuSlpdl 
CT(5)<s^y<s Q^etflsurrau l jflrs^i Qamsrrsiigj 
^suffhuLD. asftsflsftflsuL^l <iiuLzj-foU(o&) ldLJL- i (Computer 
Aided Design — CAD) ^(t^u/flLomsssr susftipui—LD, 

( y^UU^LDnSftftT SUSftipUl—LD, ^Sftl&Gl^LLl—Lb 
(animation) ^Shusu/Dtr^jd^ ^S)t 3-mm&,LDrrm 
QLDGftrQurT(§Llam GitrBgiGSli-Li—SftT. CTssflgn/Lo 
2-lh] <95(25<950 ^LSf-UUSftlL- Lj fflIUrtS)S] L_!_Z_f76U 
£|) sitfdfo nsb sTsirsftr uujgst? 

tBtni) 3 htlLl- (SsusmLSj.iu(S^rT (LpuutjlLCirTSftftr urraab. 

tBLDLSU—LD ^)0<®0LD £g)0 UfflLDISftftt^ pmsft 

^sbso^i asftsflsftfl^ djiGvrjuSlsb ^]sft>(5 srsijsurrTu 
Gusftipui—LDrTad aml(i}usugi? Os,fTfd/r )ld (View) 
LDforryLD sfiipsb (Projection) ctsw/d tqdSjis.sftion 
^)<5/D0/j uiussiujjd^SiiGforTLij. 

CT/6<s(fl)sUf70 Q^tTLflsVJ^ILiu GUGS)tJUL-^Sftl^lL/Lb 
^/su/B>0su<5/r)0 (Lpsir, 'SyQjipgi rBtttb 
susft)piuu(SurT(^Lb £g)/ 5<5 Gfil&£§ilrjLDrTesT 
urrapsftipu use Q&nGftsrtmansfileb ^j(§[B$l $£&(&) 
u iiijiAQ u n ld. 




UL _ LD 1 — £g) ILI[sG>l[J^^USV QsUlLlS). 2-(fjj GU nd SllLI 

6p(JJ) UfT&iLD 

&ld ^etTGUpGprTtrjjDLh (isometric view) 

d)(3[Tda Oldytl^uSIsv “iso” GTmjDmsv &ldld “metric” 
GTGSTjnrTGV ^GfTGlj 61531 try QutT(§m. GpGljQGUtT(§ 
<s>idd)<5£iLb (axis) &ld ^snsvtsuQuj 
uIU53Iu(])d)SydiGtr>rnii GrmuG<s)&,d (gjfilddliDgi. 



u l _ld 2 —S£0 &ld ^gysrrsiy si/sot/tulld 

<?ld ^gi/syrsiy su<s3i/7/-J/_<s^)<su Qutrq^s^m 
Q&rhi^pgid QarrQaiGSxsfr Q^rd^^naCSsu 
GUGtnrj&lQrDnLD. Qurrq^s^m ^snaeo LD/DguLD cf^tpjS 
&><srrimai<5filG$r dlstni—LDLii—d QarrQaiGisxsn 



®<5d/_ld< s^)aS)0^^y 30 un<s<s)3i3i<sfilsb 

snss)[jS\Qp)[TLb. 

GTrs&u QurrrSluSliusb snss)rjui—(LpLD spqij 
G)unqj)G$)6fTu urorfiliu GTebeorr aSjsurjrhi&GisxsmLiLb 

<95f7L_Z_ GsUGm®LD. (fl)<95/7®<5<5 

su<s3i/7L/z_<5^)a5)0^^/ <s>]r 5 &u QurTq^ssxsnu urorSl 
(LpQgGmDiurrau LjfitB&jQarLiskGija)] &LT£$£hULima 
££](fjjda 5 GsusmQLb. ^/LbLorr^lifl sp(§ &ld ^jysvrsiy 
Susnuui—LD <s> /(SDSOTjS^/ Sl5) 6U/J757 <95 <531 SVTUyLD 

^ 9 jsns^ 3 >ss)smLjLb spGrj su<s3i/jr/_/z_<s^)su <95f7L./_ 

(^jiumfonsv ^ja^Gsu dljors^^i. 

Sp(fTj &LD <9i<SfTGy SUSD/JUI—£G?I<SV USV <5<956U6U<95<S316)T<95 

&>[tlLl _ (LpLSj.iL/Lb. ^(^ulSI^uld, ui—ld 2 <5v s-sben 

QurrQjjsiflsb LSlsirL/jD^^lsv sp(§ gjssxsn ^(^lb^ltsv, 

ep(fTj SpjD&njD &LD <9jmsij SU<531 /7/_/(_<$ G$)&,U 

uujg$iu($\£$£i atfGtsxsnGmujd « niGi— 

(LpLSpiun^l. ^jfB^U QuLTQJjSuflsir (Lp(LgGS)LDUJrLm 
G&GijrjrmaiGtsxstrd amGi— Gsutgj spqj) sul^I (S<s®nsu. 
tSfj&jg.nm su if!d,Ga,rrroro ll . 



sufi^G^irforoLCi (orthographic view) 

spqj) £nsmsmnfisj.u QulLis).u51<sv spsuflLp^ jjflsvam 
g LpsvLD Ql&>niEJ&> eiSh— uulLl- spqj) Qunq^stsxsn 
< sdsu < s ^) 0 l } lj ^/ Qurrmmj ajDU&nssr Q&ujgj 
urT(njth]3i<sb. 



ui _ ld 3 — sp(§ &G$$rGts$rnu\-u QuL-i^uSlsb QgrriEia 

sSIi—uulLl- urraLD 

Qpmir}] (Lparhiam s^sijQsunssrrSleoiLb 
$Zl6tn&u51<SV £ 1 ) 0 / 5 §1 LlfT[j&>3)n6V G^OUl/LD 
Qurr(§s/rlsir (S^rrjojr) <5<sd<s susn/rujsiyLD. 



ui—Lb4 —s£0 GuflpCHprTjDiDLb Gustnpui—Lb 
s-Q^GundaiLb 


G)ulLi^.s<s)ujl] LSlrflppmsv (ui—Lb 4) 
s-riiaa^d^) ^Lpsirgu (SgrTrorDthiam &>) 6 tni—d(§Lb. 
rBITLb <31/ if!d,Gig,fTfdfOLD CTSW/p/ 

^S^lLpdSlCSjD^LD. 


top view 


front view 

side view 

rR 


\ 


tup 



u l _ ld 5—spqjj sufl^CS^rrjDjDLb su&si/jl/lld ldjd^j ld 

siSisndaab 

£D&n<s(3uj G)&[&(§£&,] sfiipeb ^isbscgj (3j<50/ s^Lpsi) 

(orthographicprojection) srsw/p /ld Q&nsvsvsvniD. 

sjQmssflsb ui _ ld 3 si) arrsmugj (Sutrsi) ^s>iss)m^§i 

sfiLpsb (SarrdjiatQrijLb sfiipsb pm^Sjlsv Q&im(3j£&,nai 



aS)(Lg&Us$rpm. sufpQprrpp ld gt situ pi epp 
QurrQTjGmm (LpsirLi/Di-b, sumpi, (Sidgv, dtp 

^<sv<3vpj iSlsitLip id ^Quj (Spirjopdi^Giflsv 
amsmidldad 3in.Lpujpi *%(&) ld . ^siiGurtgu spCHrj 
QumtyGsxsnu ugo Qprrppthi&GSKsn smsuppi 
oSisuifuuprtGb ^ssipu usvGprrpp sussirjui—iD 
(multi-view drawing) GTskpiiD Q&msvdlprrrj&Grr. ^)(5p 

<Sd6$)G$L&>& ) ]£ (UptTJDJDIEiaGtSVSniLILD &>lLl _ ITILI LD fT&>LJ 

UlLimU($\ppuUI— (3sus UTtflLD GTGSTjD 
^GudlULSl GOG’S) GO. 

^jLDLDtT^lfl ^]i—pl udap GSprrppp®s>p ^]i—pl 
LipddlGViLD (Sldjdlip p Qprrpppssip 
3 ld pi L/pd dlsviLD amf®GiJGis)p QpmpmD (HarrGmp 
QpttppiD (third-angle view) GTsiipi Gl&msbSilGptTLD. 
(°£]pj ^GlLDlfldatT LDppjID a<5Vtl—[TG>5h5V SU L£>d&>LDrT&> 

ssbsn§]. 

^jrB^UurrGiShsv ptriD iLppsb Gfhnsmp Qpprop ld 
(first-angle view) GTGirp p ijf ssi go stsuuu 
i3mupp]S\QpmD. (Lpssippp Qprrpppppdrpd 
dip (Sldjdlipp (SptrppiD ^(pdpiD. GUGopj udap 
QpnppiD (Lpssippp QprrppptfiGsi (f)ji—pl 



qpp^tsb g)0<*0LD. £§)g/ OirBgliu#, 
p[jdaL!®UUm!® csysysusU«LD (BIS) LDppjLD 
ummuSQ^p &>[j&3>L-($\LjurTLL® ^stsuDu l/ (ISO) 
uisj. ^ss)LD^§]<sb<sn§]. Qurt&jij QurttSluSliusElsb 
(Civil Engineering) 3)L/_/_/sj«s?ns)7 su&svjiLjLD (Hurrgj 
(LjjsiiLjpd, Gprrppp&np (LpauL/u ui_ld (Elevation) 
toTmtQlLD (SlDSVLIJD <9> G&>rtpppSS)&>p ^iLll—U UI—LD 
(Plan) stmpjii) tfiLtrysurj. 

6£0 USoGpttpp SUSW lJUI_d, <®<oi) 6775<5<9> 
(S&tnjDpiEi&GWorT&t Gprjsy Q&iliuj Gsusm^tb? tprnh 
susnuiL/Lb Qunrqrjm upjfihu srsbsort 
siSisnrjmiaisisxsmLiLb Qsus/Huut^p^iLb 
(UprrjDpihiastnmiLiLb GVGtnrnu (Ssusm^LD. Qpmp] 
Qpttppmiaieb a^.t— loruGunr^iLD ^sudliULD 

£D®i><s3isu QurrqijGvm (LpQgsvLDiurTa sSlsitflda 
srtsQprBp Gprrppdiam Gpsn su3 ujit ^supenp 
susnrrrBptrsv Gungjib. dlsv Q u tr(§m3ii^d(g 
^psm® GgrtpptiiaiGsfT GutTgirntTsms^isu. 
LDpQprtmp]d(6 5 grtm(g) Ggs^snuuisomb. 



^rrserjorra ui—ld 6 £g)<si> ssbsrr 2_0®r>svrsutij_su 
L//r<g5<s^y<®0 Gpttppmiansb Gurr&yLD. 





u l _ ld 6 — ^psm® Gprtppihiansb ldlGQGld 

Gpsmsuuu^LD sp(§ a_ 0 ®r>s)Tsutij.su urraab 

^lueyipjg Qprrppih (perspective view) 

&ld ^sysrrsy LDjDguLb <sufl&>(])&>rrjDjDLb <ssi5)/r 
&; may i in id Gprtppib Gurr strip (Usury fflsod, 
Gpnppmiau^LD sshmstr. @lusyiinid 
G&.rTtptpp&dsb spsifluShusv asmLDmuLD (optical 
illusion) aSissxsnsurrsb urrijd^LD GanrsmpSjlsb 



ssbsfT spqjj QurTQjjsftm ^LpLb ssmemmiSleb 
ssrrmstnpeSl /_<* (^ssijosurr^CSeu (UpmsirguLb. 



ui _ LD 7—s ^0 &!iusvnnid (S^rTjDjDLD sussigui—LD 


^lerrsij (gjjfilisjsev (dimensioning) 

u l _ lL 8 sb &ld si/<s3i/7u/_<s^)su Glunq^sfilm 

^anssisu puLD amlLgiLimGlmrTLi. &<ri)daLDrTa& 
Q&msvsv Qsnsssr^LDrTssmsb, QurrqjjGsxsn 





2_06Uf7<95<95<5 <3<5<SD617 UJITSST ^SfTGy&GSXSn l£!&G1]LD 

uiuGtnusbm giil£)u51<sv snss)ijui—^^isb amlQib sul^I 
STmmQsnmiQ] urrQjjiEiam. ^ss)#,# 
Q&lLlUJL]QLm(3)Lb CT/5^)/T Sl5)<S31<S3r(00<*0<5 
3<s<sDSi/ujf7<s3T cgi/syrsiyasyr ’orsbsorub £|)0<s<s 
(Ssusmt^LD. 3<5<S31<SU<95<95^)<£6 LDITStr ^mGl] <56 STT 
£D0<95<95<95<Si.f_/7g ! /, 3<5<SD<SUUJ nm ^SnSlj3ySS)S{T 

siSI lL (J) siS) /_<*<*!. l_ rrgj. 



u l _ld 5—cgysvnsiyaisyr 0 j5)<s<s s^0 <jld 

cgySWSiy <SU<SD/7L//_LD 



s £0 L/srrsyfMsi) Lims/rld^LD 

i3mmij ^rspu l/ array?) u5)a5) 0/5 65 / QsuQpnq^ 
Hsbsfild^Lb ara/srgy Qgrri—fjn& ^gi/arraiy QarrfSiuuaji 
pGurryam srip suL^sn^d^tb. sp(§ nsbs^smu 
<s>l ) &>rr!JLDn&> s^su^gj usvCSsugu L-i<sb<sfil3it§fT)d(& ) 

^gi/ayraiy Qarr($\uu(3&, 2 -§\&,LDrrm&,i. 

una(£GS)& ) a_0ei//7<*0ii) 6 t/ 5 ^)/t aiSanaar^®.*® 
ar/5<s au/f)a3i6FuSsi) ^gi/arraiyaayr (S^s^nsuCSiunr 
suiflGtn&uSleb QarT($\£& > neb Lfil&syLD a_<sei5) iu na 

^)0<950LD. £|)/ 5<5 SnLf>dsS)3yL] lSIsSTUJDJD 3-JDU^^I 
Q&uj(Lp6tnfDu51<5V QarTfdj&LD cgi/gi iusuld (S<sanau. 



2. QutTf£\u$\ujm <su<s5)ijui _ ib 

(Engineering Drawing)—urrmtb 2 


un&gemp QisulLu f. eSlsutjiL sutlLQ&g!) 

(Sectioning) 

<sp(i) QutTQjjsfilm ash GfiUsutjthiaGtnsrr 

Q sueiflu li/d£G) eSlqj)[Bgi (u t _ld 8 ) 

&>[TlLl _ (LpL£j-UJ [T&i]. fflSV 3/5/7759 <95 6yf)<SU L/SlTS/f)* 

3<95/7L.t<j.<s37‘/7<si) (dotted lines) &>[tlLl _ <svmb. 

<S8uu ls).ihld &fihurrad amli— ^(u<su/76i5)/_!_z_/ra3 
(Ssu/ry s^0 gul £1 3<s<5dsu. 



u l l£> 8 — i<ss)s<st^§i G&surjihiaiGS)mu-jib amLi—ng, 

&LD <S8<SfTGlJ <oLl (oft) [J LI t _ LD 

3-<sfT sSlGupiEiam Gl^rfhLiLDrTrij Qurrq^ssxsnd 

(^gnd(Sa QsuLLu\.mrTsb <oTuul jj_<s Q^ifliLjQLDrr 

<3)Gft)£u ut—LDna, susftiuiusvn'Lb. <sn§i&,rTm 

G)(oUL-b(j))(Lpa> snss)[jui—Lb. Qunjfil 

(engine block) (Surrsir/D unraidiansiflsv 

r 3 i Si m smi dam host ssb aSlGurjimansb u <sv sulLl- 

(Ssusm^LD. &LD cgi/OTSiy <3i<5V(5vgl SufipGprTfDJD 

6U6ft>!Jui—£G)lGV nsnsfildQairnq-LLQbd aimii^ssmsb 



QawsnGij&j u5)<9S6iyLD auj-smi). 
<3617<S316U<950 £|)/5<5 (o) 617/_!_(/)) (ip <95 LD 
<^mr$IUJGS)LDUJ[T 


epqrj QuiTQjjGtnmd (§gud(3a QsuLlQeijgj (Surrsirgu 

<95/0LJ<531631 Q^ujgJ LJ 770/57 <95 61T ( U L _LD 9). 




u l _ld 9 —6^0 QurrqjjGsxsrrd (grydGia 

(o) 617 L_!_(J) 617 63165 2-0617 <95 (_i (_/(/))<?> <5 6U 





ui _ ld 10 — ul _ ld 8 si) s-snsrr QurrQTjGtnmd 

(§gud(3a QsmlQpsi) 

(Lpm u(&)dZiGis)UJ QgulLis)- CT(5)<S^/Sl5)/J./_/7SU (ut _ ID 

10) lE&,ld 3-sbsrr§i&,nm (LfiQ£> QsmlQtyiap 
(SpirjopiD (ul _ id 11). 



UL _ LD 11 — 6F LD cgi/syrsiy LDppjLD SU iflp <3prTID pp^lSV 

G)Gml®(LpaLb 

(&)gl]d(§ QsulLs^il- (Srspirau urrrjppmsv ui—Ld 11 
( aurreo <5 Gprrfofo ld sifld(ajLb. 

Qprr^uq Gwsmrjui—miansn (Assembly Drawings) 

6p(nj ss&naviusnsmp (pillow orplummer block 

bearing) Qpa^^luSlm &ld Gpirjopi-b ui—LD 

13 s v aaL)i—uuLl(^mm^i. spqjj (^jt'HulSIlLl- 

(HamsmpSDsv ^) 0 / 5 §1 firdam ssmsmDuShsv 
urrrjd(§Li) Qurrq^ssxsn QrB(§d<3iLDrT<3i spp^isbsngj. 




UL _ ID 13 <56316UUJ<SOT<SW<5 <5/7757®u5)s37 2_<5<3<55L7 

U L _ ID 

(SlDS^/D &LD tsymsyp (S<5/7/D/D^^)6U <5SOT6UUJSOT633775 

<5/7/57®SOT ILI <5 57pL_t<J_UyLD <5/7LL (LpiSj-lL/LD (UI—LD 

14). ^)^)6U <5/7/57® cgi/SOT LDL7 l5)s37 2_SIT 

/_/75/575SOT 6)TL7 L//7/755 (LpiSj.lL!LD. 6FLD =S>/6)76iy<5 

(S<5/7/7)/D/575S77 S^L®(fl)7D/7<5<5<5 (o)<5/70^)SOTUJ<5 

(o) <5 6)^617/75 5 5/7L_L_ (LpLSj.lL!ID. =^,®5777<SU 6)5) 617/7/57 5 6)7 

LDIDgjJLD <^6)761756316)7 (Lp(LgSD§,]ID 5/7L(J)617^/ 

ansj.miD. 



Figure 14 — ^ssxsviussism^ pmEi&Dsmud <SLpL_uj_<s 
&>rrL-L(j ))ld ui _ LD 

Qeml ($) (Lfi 6 5.5 (S&rriDjomash (Cross-Sectional Views) 



(S^rr/D/OLD 

Qsml®uu(§§))Gmu dl^flddl/Dgl- 

< 977 < 5 <S 37<5 £ 5 ) <si> ld<531/d^^)0<®0ld a^jQi&Gsxsnd amli— 

LDfd Q/o n(JJ) suy!). 

<5 ssisuuj <S31<S357<5 <5/7/57® di) <5/7(35 £5) smmupfdlsir 
smi—rra Q&rhi(& ) £& > rT3i QsluIQld spi 75 <5<SV7<5<S31<595 
95/dl/<s3i<s37 Q&iugi urrQjjihiam. ui—LD 15 si> 
<®/7(J./_L7LJLl®Syrsy7LJtiJ., £|)/5<5 <5<Sy7<5|5)<S37 (ip<S37 

s-sbsrr QsulI® una^ss)#, ^a/D/z^siS^su^/ 
(Surnsvd arDUGmm Q&ujgj urrQijrhiam. 




UL _ LD 15 —<55<S316UUJ<S31<SOT7<5 <5/7/5J®UyLD G)<SU/_!_(/)) <5 

<5617(tpt£) 

0/p/<50 (o)su /_!_(/))<5 &><srtLb urrijd^LD 
(Hanrsmpgid^d Q&fh](& ) £& > rTa, £g) 0 uus,rrsv 
fim^&jd^Lb 6i5)l1z_<5^/<50ld asbm 6i5)®<5<5<s3i<5<5 
G)<56y?)<SUf7<5<5 <5/7L.(J)LD. L&57/5)0<950 LD ^mud&LD 
^uuu^^nm G>£rTfDpLcxs/rld(§LD. Ql sul ® 
(tp<5<5631<5<95 0/71/<50<5 (S<5f7t^_L.(5)<5 <5/TL.(J)S) (SjDrTLD. 



v' 





Section 

"A-A" 

u t _ ld 16 —pstsvsvujGtnsmp prrrhi&DuSlsxr (o)sy/J_ uj_uj 

U0^)®nuj $&§>}uji3m 

&ld ^msij GUGts)rjui—[hi&>Gtsxsrr si5)/_ ^LbwrrSdirl 
GUGorjui—im&Gisxsn suss)fjsn§i srs^gj. ^issuusuld 
i£ldai QurTjflujrrmrjam ^LbLDrrGdrfl 
suflpCHprTjDprhiastsvsrr stneupgj unarhigiGtsxsmLiLb 


Q&>rT(3)ULI3,G5)6mLILb QarTSfTSlJ ITljaefr. 

LD/D/DSU/7<*(S)5<*0<* (o)< 95/7(«>j<5F LD UuSljD@1 (S<5<SDSU. 




1 


■ 


■I 





B 


1 

1 


Section "A-A" 


UI—LD 17 —“^4-^4” Qsml®£ SjGtTLD 

ui—LD 18 £|)<a> (Sldjdlijd Qsusrfl^CS^iTiDjDLb 
a ml® SUCH id mb. eu if! 4, (S <5 rrfofo ld . 

tSULDLi&t&frSlaiisb “A-A” Qsml(®£ <ssyj'<5<53i<s rsmi) 
urrrjd(§Lb ®g$)3 : g$)UJ& ami(®&}mrDm. 




u l _ ld 18—^nriiSluSlsir (Sldjdlijd Qsus/rlfCUprrto /did 

^snrj QsulL® (Lpaih (Half-Sections) 


u l _ ld 19 LD/oguLD 20 £|)su amLiguSl 0 uu§] (Humsv 

spqj) urraf^sir (S^it/djd^^sv urr^ismu ldlLQld 
QglilLls)- 3> aml^su^i ^®nrj QsulL($i (Lpaab. 





Ul _ LD 19 (Lp(L£) LDJDfQJLD ^Gft)[J QgUlL® (Lp& &LD 

^(Symy GU Gft) [J LJ l _ LD 




UL _ LD 20 (LfiSSt (S^fTJDP(LpLD <531/7 SlsUL.®) 

(Lp&>(LpLD. 

(SatrQlam (cross-hatching) a(ftj£@iluj<5VULp 
Qglil2®uulLl- (Lparhiastsvsrrd a mb®® sir post. 
^jdQarr®ass)m 45 urtssi&uSlsb QLDsvsShu^ira 
GUG$)rjGU3)i GULpdatb. (%3irt(®3i<s(rlm <^GS)i—QGU<s(r} 
gumma ^) 0<®<95 (SsLiGmQub. 





u l _ ld 21 LD6tnjDr5& GtanQam ^(sixsvrrg ^/®n/7 

Q<SUlL($I (Lp&>LD 

0/p/<®0<® (3<s/n<j_L_!_L_ QgulI® (Lpa^Sheb L/ms/rld 
QarrQansb (SurrQGijgi snLpdaaSlsbsoso. 
^m<^d(3arT($)am ldl2®ld Q^snsuuuLLi—rrsb 
Gunt—scrub. 



(aLDegiib (S^ssisliujidid GtarrQastsvsnu (Suml® 
GU6$)rjui—£$sb Qrsfl&sv ssmi—irda (Ssusmi—ini. 

§l<ss)efT&sb, aSleorrdaerr (ribs) S-eben urramiaebleii 
QojlL @ (Lp&LD amldjlgeb 

sue vgi udaddlsvisbsrr Qsul® (Lpaab (LpssijDuuis )_ 
&iflujnm3)i&,rTm. si ssFisTi ill ^]i—^i udaddlsvimm 
Qeml® (Lpa>LD (Surrsv amlQGUgigmsir 
^LbLDir^lfl urraihiatgrijd(§ snipdanb. 



CORRECT 


NOT RFXOMMENDED 


ul _ tb 22 Ghsml® (Lpaob 



3. QufTf£luShu<sb <su<ss)rjui—iL 
(Engineering Drawing) — urr&LL 3 

'gieirni] < s 5 / tl 1 ( 5 )^sw (Dimensioning) 

sp(fj) /_/f7<g5<SS51<S<S (o)<5Syf)sU/7<g5 (LpQgGUgJLC) 

stisuiflijuff)] &>nm ^gys/rsiy arrLL(i)\&>GSlm (S^rrdaab. 
cgi/srrsiyasyfisOT (tp(i£<s Q^rngustnu stnsu^§] <snr5&> 
urra^GS)#, szGtrr Gpqjj qj!S)LD n9,4,9,nsir L/flfB^i 
Qarrsbsrr (Lpuj-iu (Ssusmt^LD. ^syrsiy 3inLLCR\&,G0id(3\ 
(s^gjpmsxr (Lpd&hu GULfilamlLS).. 

• {giaxsSUuih: pfiiurrm<$i<5H<sij3i<5b QaurQdai 
(Ssusmt^LD. 

• cSysyrsiyasDsyr <y tfhurrm ^i—£6)Usv 

G)UITl _ (Ssu<5JSW@LD. 

• ( y>(Lges)LD: sjss)^,iLjLb 
SlS]lSljLb3^.l—n§l. <oT(5$)&)lLILD 
si5)<SLD/r<g5siyLD Qum—d On.i—rr§i. 


uLq-d&a>3id&3tf (SanQasmGfTiz 

(S&>G<S)GUIU 1 GST &,fj£5(130 (Sumd-L _ fT3V 

QpffiflGim&u ui^dai ^ilig^ild. 


< 2 ien<m&ek <s m-LQeu&ilssT ^iui.uue5)i—<^err 

tSUsnsyd (S<95/7@ QiniooeShu^m s ^LDL/ag^uyLsw, 
^stni—uSlsv <oT(L£>& £|)z_ld <sS\lL®u, (Sum _ 

( Ssusm^LD u 1 _ ld 23. 




_j_^3X -J 

X 

T 


u l _ ld 23 (Sumli— 6iv<s31/tl/z_ld 



^LDLid^tfluSlsvr <s®n6U aLDnrj 3 lElE $mLb 1 lElE 

tSU&GOLD £|)0<95<S GguGSST®LD. 


una^^nsit ^tEa^^sEq^^a,] $lEugE Gan® 

GumL® ^snsijd Gan® Gum _ Ggugsst®lE. 

(Lpa>eb tSUGnsyd Gan® u na^^sEq^^aj12 lElE 
gfirr^tdlsv Gum _ Ggug$ist®lE. ^lLugv Gan® 
una^^)<sE(f^rB^i 1.5 lElE aqjrj^®eb Q^nurd® 

a 631i_£) tSUGfTGyd (S<*/7L.tJJ.6lS)0/5^/ 5 L^L/? 617631/7 
QgUgEuSIgV ^)0<*<* <3617 6357©LD. 


2x06 


-- 28 - 


i 



4 | 

^e—^>- 

4 

-T 16 

i 

_I_ 

}«■ 6 -f-- 16 -«-J 




uulE 24 — au®d Gan® Gunuu gug<s)[juulE 
&T®£§idamG® 



urra£&2m sp(§ u^^iuSlsir ^srrsnsud ami _/_ 
ui—lL 24 £§)<si> asmi—GurTV}] ailQ\d Qarr($\ 
Qumscmi. 

^PIsiTSL/assisfr errs& ^i—^^leb amlQeugi? 

spqjj LD<J<5<S31 <5 u5)<35SiyLD (o)<5srf)6U/T<95 Sl5)si//f)<950LD 
( Lpa^^lsv ^S 4 <snss)sud amlQisnaj rsebevaj. 

^sns^assxsnu Qurrq^^a,LDrrm LD/DguLD 
Qurr(§^LDjDjr> ^i—iEiasrflsv amlQ\sna,m 
sr(i)\£a>ldam!($\aGts)6mj ui—LD 25 £§)®i> amsmscmb. 



025 ±0.05 


025 ±0.05 



U L _ LD 25 — Q U .'T0<5<5 LD tTSST LDfOgyLD 

Qurr(§^LDjojD $)i—£S>l<sv ^syrsiy amlQsijpsir 
srQ^&j&airTLL® 

cgi/svray 65/7L.(J)si7^/ u/rj/o? L/flrB^i Qarrsfrm rsmb 
spqj) srsfiku Qasusua urra£$<sv Qa,rruihiaiseruD. 
^f5&> STsfilemmurTm una^ss)#, (ip{Lgss)LDiurrai 
siSlsuflda Qpmtr)] ldl.(J)(Sld (S<s<sdsi7 

(uuld26). <^&,gZi ^msij&Gsxsn srihiQai aimL^sn^] 
toTmgu (HiLmdldau use dlstnuiungj. 



u l _ lL 26 — 6T<s/rluj unatb 


tsmb spQjj arrLSj- Qeuif(^d(^ ^gi/SYrsiy an /_!_/_ 
G>£iJ6m($)QLDsvfl<sv dlsv (ipu^sijassxsrrd Qaiinu 
(Ssusm(f)Lb (ui—LD 27). spqij Qunajsurtm (Harr® 
^Sdsbsoaj &,<5fr£&)iGSl(i)r5& ) i ^gysvrsiy QarTQuugj 
^)<5/D0<j dljors^^i. £§)<s3i<s ^isj.uus^ii—d (Harr® 
^sbwaj 65OTLD (datum line or surface) srsw/p/ 
QamsvdlCSjDnLb. G^da ^i smi carLps^ipuGlsv 
adidUsOp Q^m—tjrra Qatr(f)uu^Usv suq^tb 

o^lIQu i3ss)Lf>assxsn^ issGltjdasvtTLb. 

GTSVGvn tSysnsyatQnjLb = gyuj_Ljz_/<sy>/_<9; 
<5syr<5^)aS)0/B^/ Qa > [U—thi(a ) siJss)a,d asnssfldasijLb. 
fBtTLD Sp(fT) ^LSj.UU&ni—^ <SOT<5<531<5 UI—LD 27 £§)si> 




(3<5/7<siy Q&iuCUpmi), ui—ld 28 £g)<si> GsuQprrq^ 
<51OT<5<531<5<S (S<5/rsiy G)&ujG>&>nii). £|)<s3i<su 
( LpjsmjojD&>n& ^)®/5,5 /tso Gun^LD. (ui—^^lsv 
Gldsv (S<5/T/rj/D^<53i<5 ldl.@(Sld amGQSilGrDrTLi)). 



UI—LD 27 —cSY LSj-UU <531 /_<5 <5OTLD CT(5)<5^/<5<5fTL.(5) 



NEW reference (datum) surface 


/ 


- i - OU - 

/ w 

9 

17 




'hr 



~~r 22 I 



30 

f 1 



_1_ 


u l _ ld 28 —cgyzjz_/z _<5 &><shtld LDroQprrq^ 

sr^^gjdaiml. (J) 

u l _ ld 29 ^j<sv rsmb spq^ {FjGsxsnuSlm sSIlLi—^sti^ 

^i—gjudaLD amlisi-iLimGlmrrLb. QurrrSluSlujeb 

GUGtnrjui—imansfilGb ®S]lLi—£g$)&> “0" (&)PSlu$LLi—rTeb 


arTG$isn3uu3)] suLpdaab. sni_ njf tld 

su)LLti (dia) sisiiGro ui^dascmb. 



u l _ ld 29—{fjGsxsrruSlm ^gysyrsiy amlQGugj 

sr(i)\&&>ld3inL- (J) 





(REF) 




T 

14 

_L 

8 

T 


u l ld 31 — Q^tji^iurrai^ s<s)snuSlsit ^snsi^ 

amlQGugi LDfdQ/orr(nj (orQpgidaml® 

£D/5<5 GUGS)[JUI—Lb ®<st>/_ld/_!_/_ 
s<s)LDUjdQairTLLu^s6l(f^^§] ffUjddijnth s-mmgj. 
^^nsu^j <nsbscrr udaihiasiflsyLb spCSrj LDrT$dlfl 
ssrrmgj. s<s)LDUjdQairTQ\3><sb (tfihiSUsSlu 



LjsbsfiluSlLLisinsu) &LDddrj unarm <95(05*0 
uiusiru(f\£&,uu(f\(d}s$rtDs$r. (Sldsvild suLLi—im&sb 
LDJDtQJLD §]SS)SfT9isflm 6VUDUj£$ZllD(8)Lb 
uiusiru(f\£&,uu(f\&}s$rtDs$r. rstni (Srspuj-iurTa 
ss)LDiudQairTLLu\.sb ^snsq QartQdaiGorTLb. ffhsv 
(SrsurhiasTflisv ^LDtupstn/o psrrrhiatgnjdtg) £D<sy>i_u$<su 
^isrrsij QarT($\uuG$)&> si5)/_<s Q&>sfi\ surra 

(fj) &>&>&> <9™. (J)) LD. 

euenpui—d aqffGiSiasn 

{fjsbeSlujLDnm QurrrSluSlujsb sustnrjui—rhiasrflsir 
(engineering drawing) ^juj.uu&ni—a&s)sn 
si 5 )ot<® 0 su^/ prrsir ^rs&td smaGiuLLiq-sir 
Q^rrdatb. (Lpesresrrj gugis)[jui—£g$)& > £ 
^lurrfluu^jD^d stnaiurrsv susmrjiLjLD 

arrrjsfilastnsrru (u i _ ld 12) uiumu(f\£d)is$rij. 

(Lp&><sS}<sb T suuj.su sus$)rjGiansv (T-square), 

^.p stnsvsfil l. i—flash (set square), (SatTsmLDrrsisfl 
(protractor) (SpstnsuuuLLisxr. ^s>i®d,§l 
^]sutDtrjjd( 9 ^u utftsvrra S-QTjsusmrrsurrm (drafter or 
mini-drafter) surs^^l. £§)<st> 6 u a,S)S)rj asurjmuib 



(compass), iSJrjnesT&uj su msi/a i^ld (French curves) 
(UpsmeuuuL-t—m. ^uQurT(L£>gi asvsflssfl 
2_<Sia5)(iy/_<s3r euLSj.su ssildul/ld a_0su®n/jrsiyLD 
Q^iuQCSjomi) (Computer Aided Design — CAD). 
^LSj-uusvu— suss)[jui—£ g,rjrh]3it§rf ) Lb, LDjjLi&ttsnjLb 
firiiasn ermm asq^eiSietvuud uiusir ffl rStjaseh 
STmue$)&,u (fl)/_//T0<5<5<ssusu. ^aGeu 
sus$)rjui—th]3iefilm<s>jiq-L]us5)i—3iG$)smj uuSleoitb 
(Hungi es)3>ajrteb sus$)rjiLjLb 66MrS«frLi_^a) 
g)0^G<S ^l emi c^CSeutTLb. 



ui—ld32—T euLSj.su eustntjGatreb, 
£Lpstn<svs>5lLLi—iE]asn, 3-Q^euenpeuneir 


QuiurTpQ&iTigjfsl (TitleBlock) 









sp(§ QurrrStuSlujsb sus$)[jui—£GZi<sb (LpdShu 
< 5 <S 6 U 6 U<S sir Q&rfiJrsp £§)(_ld <sn&>Gir 
Quiurj^Q^rr^Sd. ^§1 6 U 65 i/ 7 L/z_< 5 &n< 5 uyLD 

rflgu SU<537<5<531<SU7LD L/flrB^i Qansbsns^LD, 
<3i<zs)i—Ujn6rrLb ansmsijLD, pfliumssruip ($&l 61 £§i 
ss)snda,s^LD (Lpddhu ^isoLpsunuSleoiau 
uiUGzruQdljDgl. su&nuui—^^lsir sue vgi dip 


r$rr)iaj65Tii> 

(oluiuij / 
6U6UOfl<56<fF 
<f£)60T60TLD 

$L-I_lb 

Quojij 

<$jlTild§d&lfl^<56UIJ 

iDrTrprpib fijon^uu 6T6HCT 

& iflu rr ij^<5 6ij ij 


<^6n«H flS^l«&LD | | UdEdBlb 6TOT5JI 


^Lps^isvuSlsv iSTsbss)Sod (3<s/n_!_ (/>)/_ sot ^gv&> 
snss)ijsu§i suLpdaab. 


U L _ LD 33 —(o)/_/UJ/7^(o)<S/70^) 














ussresimft^d, grjd <*/_!_ (/JIulj/tl.® ^gvlduli (ISO) 
uisj. GUG$)ijLU—£&)m s-flGmDiunmrj rfitQjsusmu 
Quiurj <snebeo3)i Gitsisrsflad ffimmib, una^Gjim 
Quiurj, ^smuiunm stem, ad&nu Qurr^m 
(SunsirjD 8 ^psijsnsb <sl_!_z_/t ilild GarT(jj)da 
(Ssusmt^iLD. ldjdid dlsv pijGijaGh (S^GtnsijdGtafDud 
Qarr(ij)da<svrTLb. 

^lLir56)l!JG>5hLI<5V GUG$)tJUUlh]3,6fii<sb £|)<S5)6U <SSl5 llj 

dlsv ^rjsijansb su lj.su stuDuunmrjaignjd^id 
s-rDupSjliumsrrrjatgiiijdigLD ^sudhum (S^smsu. 
Qsuuuu ugsrsflisv (heat treatment), 00LC i£\m 
L^d&r (chromeplating) Qurrmjr) Qurfoupuipd djamu 
(surfacefinish), unadrSjlGir stsdl, Qurr££isurr& 
^>i^ULD^Id(^LD Qungydjl (general 
tolerances) Gurrsitro (BtjGij&Gsxsn 
QuiurjpQpmgSjld^ QsusifluSlsv QarrtfidasvtnL. 


4. &<ss)i—&<sb ^jiurB^IULL (Lathe) 

^lEidlsvrrrBgy /5fn_i&r>(_<? Gt&rjrsp Qsmmtfil 
LDfTLswGsv (Henry Maudslay) stsot/d Qurrfo'iiurrsrrij 
1797-^ld ^sm® lds$)[j QsulLQlL asssu—^sb 
^)(u/5^)/T^®n<s suLSj.su salLD<s<s/Tfr. £D®n<5<s &,mu 
^)uj/ 5 ^)/ 7 ld si sir rry Garrsv Sin) rrijn, sir. sjQmssflsb 
astsu—&sv <^iur5@(rj£G$)&, smsu£&y ld/did 
^ lurB^irjihisis^sna 1 Q&iliuj (Lpuj-iLjLb. (g^ay ssunuud 
asaiLffsij (^jtui,S(irrLD (Center Lathe) si sir fry ld 
^syss)LpdaujuQ\Sn)§y. 

ssffluiSi—dSlsvisfrsfT (toolpost) QsuLLQs/rldig 
(cutting tool) sr^lprrad asstni—UJ (Ssusmisyuj 
ustsrfhjQunqfyGinsrr (job or work) SrLpforrysuaya, a sir 
aGtu—&6v ^jiurB^irj^^im (Ssusmsv. (gfiay s-Q^smsrr 
suisysu (cylindrical) umr,riiaiss)snuyLL 

^jLb£FfEI£HSfnSfTlLILb 2 _ 0617 035 0617 < 5/000 

uiusyiishsfrtrrrfer.n. a, us spud u^SHuSlsir Quiurj 
<9rL£>6Sl (spindle). SrLpsSluSlm iSIls).uiSIu51svi slisri 
(chuck) usvsfluQurrQTjsiflsiT (Sldsu ssifluiJi—psinp 


rBarj&giLD (Surrgi <sn$<sb Qun^^^ULjsbsn 
UGtsrfhjQu[TQJ)G$)6fT SSlfl Qsu lLQ&IJD§1- 

erd&ffi&ei n«. asnu&sb (Ssvsnev 

Q^ujiLjLbQun^] L^l&lrj ^sbsv§] 2_<sy>z_/5<5 a_s i?l 
Q&,r$ld&d i 3 i^.ui 3 uSlsb arruLi ^pisj. 

(Sural® urrgiarruLid asmsmmsi-atQnjLb 
tSUGVsfhLjrhi&sb. <*Lpsj>/LD £g) uj rs £5 )rj urraiEi<*suflsir 
&)dS)d QamsrrtQnjLi) sshm^rrsb s,mijsarTm 

^snuarsb, rssma«srr SU<531<5<5 £ 5 sfl/jd <*siyiA 

ldjdjdu urTgiarruL/u uflrB^i ®n rjass)Gray ld 
i 3 murD<r)]<su§i ^saffhuLD. 

a<ss)i—&<zb @)iu 15(51 [T^Silair ^ta\.uu<oS)i— 
Q&iLKoburrGjlaGrT 


&>(o$)i &<sv ^ uj rs^rjsit <smq-u us<s)L- 

Q&ujGbu[T(®3,ss)<srr£ Qpflrsgi Qarrmsn ^jrd^d 
arrQsmrrs/rls^iuju urrQjjihiam. s£0(tp<s3i/D 
(Lfi(Lgsa§iLb splLls).u uarj^g] sfilil® 

(Lfiss)U) dipdarsmu uu^&ssxsrr spsaQsairsirpnsiLj 
urr/juu^i fhsvsvjtf: 


• 0:00-0:37 (Lp&d&sini—gGV (facing) 

• 0:37-1:11 S-sb&j&sxsrruSlsb 45 urTG$)3,uSleb 
Qf>G$xso LD(Lgd(8}&>6V (chamfering — inside) 

• 1:11-3:00 GIgug/tIgSIlLi—Ld ^gi/OTSiy 

2 (Lppiftfi) QsuLL(f\3isb (outer diameter — 
rough cuts) 

• 3:00-3:40 QeusrfleSlLLi—LD gjGV&Shu 
GgulL (J) (outer diameter—finishing cut) 

• 3:40-4:08 gulLi _ (Lpau z_/ G gu rf&sfl uj ij 

(dial Vernier caliper) snsu^^i ^GfTGij 
sr(fi£&>eb 

• 4:08-4:35 gjGmuj-d^LD S-Giflemu (parting off 
tool) <s 4 Gts)LD£&,eb 

• 4:35-6:22 Q^snsuiunm firntb GVGupgju 
uGtsfihjQLmqjjGTKSfT^ §isssru\.d,§,i sr(fi£&>eb 
(parting off) 

• 6:22-7:00 gismit)ud&tb 

(tp&>d&>(o5)L _ &}<sv —( Lppiftfi) GgulI® (facing 

—rough cut) 




7:00-7:30 ffjemis^d,^ uds,LD 
(Lpadastni—^sv —g isvsfhu QgiilI® (facing 
—finishing cut) 

7:30-8:00 UGtssfluQurtqfysfiim ^<5SU<S<531<5 
<S8<sn siy <3arteo neb (scale) ^srr^sv 
8:00-8:36 udaab ssb&jGsxsmiSlsb 

Qpssxso LD(Lgd(8)&>6V (chamfering) 

8:36-9:10 gjsmLS)-^ udatb 
(o)sUSyf)si5)/J./_LD QpG$)GO LD(L£)d(§£6V 
(chamfering) 


&emi—&ei) ^ujtf^irj^^iesT (ytdSltu urr&mi&m 




u l _ ld 1 &s$)i—3 : <sb ^jiurB^Irr^^lsit unarmansb 


02: ss/rluiJi—LD (tool post) 














03: Qsliuu ^jjprSld (^Lprriu (coolant tube): Qeuuu 
§>)rjsnLD QgulIQld ^)(_<s^)su searDfgjLDrrrru 
&31Q&IL1UJ 2-£b£i]LD (^LfitTlLI 

04: (compound slide): 6 &lLdl/ 65 <su 

(tapering) Qgiiiiu ^)<s3i<s<s Q^smsuiumssr 
(Satrsm^SHsv §H(fjjUL!ild QatrehefTsomi 

05: (saddle): (§gud(§ 6&.L.® 

tB&tftfrd), 2-<srfluiJi—Lb ^dhustn su ^j^sir (Sldsv 
G) unqj)£&>LjuLL(i)\<5b6rrm. g>6rrd > §)i6V 
^msnrtddsb fBaqjjLb. 

09: i3m &>rtrhid (tail stock) 

12: &,<5tTLb (lathe bed) 

13: ^(t^QaiDfSi (leadscrew): £D<s<sot (Lpddiu 
(Ssusnev ldsdp QsuLLdtbQun^i £|)0<s<sT><s<sy>uj 

rF>&rj6U <9)I <55 IT (o$T 



18: cgy6i/<577 r£Jn}] &>£]&> Garrev (emergency stop and 
brake bar) 

19: son if t—daub i3 (feed rod): ld<sd/t Qsmf(fisij^i 
{£<sSltJ LDfOfD <3 <SU<SD<S11 66 ( 6)3 <950 £|) 0<95<SD<S<SDUJ 
r53>tj{i)gj]&\tD3)] 

27: (§i)]d(g) rsatjdtSil (cross slide) 

32: <5 stxsvu u(§G) (headstock) 

36: ^GU&tj 6i5)<sd6f (emergency stop button) 

38: i3iq-Ui3uSlm anuLi (Lpiq. (chuck safety shield) 

39: iSlLtj-UiSl (chuck) 

&6S)i—8 : eb ^jUJtE^lu^^lesT urrariiai^ib ^leupt^Jssr 
Q&ujeburrQ&fgjjUb 

u6tisfluQurT(rTjG$)6iTLj lS)^_<50ld ^rr^esniiaefT (work 
holding tools) 



(jtpsOT/ry <s/TS3U_ i3i^ui3 (three jaw chuck): 
urtaub 2_0sy>svr sutij.su Lima ^j(§rB^trsv, 
<^6$)&,u u iu sir u <3 su nth. ^LpmtQ] 

&>n<o5)L _<9>(Sy7j LD 6£0/5j®S31SOTt753!/ 

/5<950SU<S/7si) a_0S31SUUJ/TS3T 
US3sf?Lt(o)t_ff70S!nS)T ; 5 <5/7S3Tf7<g5<3su 
(otfHDUJLIU(j))t£@)} sSlQlh. 

/6/7®st0 <s/rs3u_ i3i^ui3 (four jaw chuck): 
unath a_0sr>syr sutjj_su<s^)su {g)6veshsv 
srsirtonsv, us<sri)ijQurTqj)G$)6nu 
nrfhurr&sr ^i_£S))<sv rflsmGvrflruggjsijp/D^ 
^smpu uiussruQ^svmh. 
(tp<g 5 LtL/<s< 5 L.® (faceplate): 
U6vsfluQurr(rtj<srr spQTj aSl^&jnurr&LDrrm 
sutjj.su<5^)si) £§)0/56y, i 3 u\-ui 3 uSlGb i 3 u\.dai 
(LpLj.iutTQ^sirtDtT<sv, ninth ^&)<zv 
i3u^daisoruh. 



ul _ lL 2 asts)i—&<sv 2_s nfl tSTo°o&\mrT<sb ^<53 t 

QsiJLLQs/rlaisn 

G)6ULL®efi&eb 

• &(o$)i _ <9-<sv 3-Gifl 6Jo°o(&) (High Speed Steel — 

HSS) stmro aiscuLjQsortayLb asts)i—&<sv 
^jiurB^lp^^lsv QgulL® (Ssu<g5<5<53)<s 
^ShafldaGtsu a_0su rrddhugi. ^j^mrrsv 



Q&iiip ffUsv QsmlQGiiflaGWsn ui—ld 2 £§)si> 

^flSMISVrTLD. 

afilsinLD® (Lp<s$)<sm&><sb (carbide tips) 
Qatrsmi— a_s ifl lEI^s^ld an^mLDmssr§]. 
<snfi)i3i GTGmGtfsfldGtnauSlsv urr&tm&GSxstT 
3-tDU^^I Q&iuiuQ &,(3)[5&>§i. aifletnLD® 
Qsml^stfl (LpGSKStsrassxsmLjLb 
i3iq-Ui3&G$)<stnLiLb (holder) ui—Ld 3 £§)« l > 
amsmsvrTLD. 







UL _ LD 3 <95/f)<531 LD(J) (Lp <531 <537615(<0LD ^gfD&rTm 

i3i^ui3an^Lb 

• ssrfluiJi—LD (Toolpost): Qun&jsurra 

r 5 rrsir(§ ssiflastvsnu i3i^.dai 
GU&^luSlQfy&^LD. (SldSV d)ir)l(& ) G3irrs$)eo£ 
psrrrj^G), ss/rlu l9uj_l}l5)<s3iuj<5 $£1(§ul 3 
(Usury ep(§ ss/rlsmu QgulIQld 
^ i—£syd(§ 2 -i—sir Q a rrsm® sup (LpupiLiLb. 
2-JDU^^I GsuStnSVuSlsV (SfBULD 
stfsmrTarTLDs61(Ti)da a_<956iy dl/Dgy. 

£g) 0 <* 63 i<* (carriage) 

• £g)0<95<s3i< 95 3 iu rSmsunddlsv rsap^^nunai 

Q&UJ SVU JD §J. 

• (ip<95<95<95631/_<56U (facing) G U rTSSTIT) 

3 <51/<5316U<9>(6Y7j<9>0<9> t0 /71f <9>^?611 /5<9>/7<9)<9> 

0,p/<950 /5<95/7<95|s) (cross slide). 

• 3<s6316u turrm GanfsmpGdsv rsarj^S)! 

617 rrm a^Lbn<9>sb < 95 63i Q&iliuj 
<*>./_!_(/)) /5<95/735§>) (compoundslide). 



^rresfliuiiiSl assaLi—thiaeb (automatic feeds) 

• &>ns5?hurh]§>}iurT&> a_s iflemiu tsatj^Gfi 
<95<S31/_<fsi) QfflUUJ SSlflSS)UJ [B<3i LD 
2 «ll* &>lLlS! (feed rod). 

• ldssiu QgiilLl- (thread cutting) 6i)0(2<95/D/r5) 
(7<?arf screw). 

gmiiGilaeb 

• Lfilsirsfilssi&ujrTisv (gfiiudauutjfLD pssiGvu 
u(§S)u51<sv (headstock) i3i^.ui33i<sb 
Qumjjjpgj&lCHiDrTLD. GuntjuuLfGsu— 
spifi^ansb (belt drives) LDforryLD usb&dapiz 
Qpm—rjas/rlsir (gear trains) suLfhurrsi Sripsb 

Gsi/<95<5<S31<5<5 (S^ssisuiunssruLSj. 

LDtTJDjDGVrTLD. 

• fismi— urratEiam 3-£iorTLD<5V &L£<sv 
i3m&>rttm$d} (tailstock) (S<s<sdsi/. 

• fismi— Qldsv&SIuj unatmansb 

GjLUofi)GiftG>U&$)&)&) <9>(/))68<9> tfilTLD <5p(J^ 



sis) lduj£&,[t[£]§>} emu u (steady) uiumuffs, 
(Ssusm(f)Li. tffensvturT&sr 6S)LDiut£t£mii&l 
(fixed steady), / 5 <S 0 A£> &s)LDUJ£S^nthidl (moving 
steady) <stgst £|) 06 i/®r)<s<S 6 yr ssmtf). 

• £g)<53161/ cgySDSOTjS^/LD &G<S)l—3 : sb 

^jiutB^lp^^lsir ^srr^^lsv (lathe body or bed) 
QurTQTj^uuLlQmmsxr. 

aesu_&eb ^ujtB^liT^eir ^uf-Liueni-aierr 

• QsulL® (Ssu&ld (cutting speed): QsiilL® 
(LpemmuSlsb uirapgid^iJ) ss(rld(^Lb 
^]<sis)i—(SiuiLimm <j/7/tl/ (Ssu and fiifQiu 
(r£li£li—{£$!D(& ) ifiLLi—ijam trisssr meters per 
minute) = pi x D x N. ^1(6(5 (3ijd>§il[jd>§)l6V pi = 
3.74; D = usvsfluQuiTQjjs/rlsir sShfi—LD 
ifLii—flsv; N = 3rLf>sSluSlm rfl&Quj 

(r£l if firo 0 SrLpfjf^siT'nsii GTsmrpm). 

• a sal i—iLiu <3 un(^LD urtatb srmm 

Qurtq^snrtsb QgulL (J) 

<3SIJ<S6i£>, 3MLLl—LD LD/DtgjLD (o)sUL_(J) ^H,LpLD 



<5/7Siy<® ss) 3 iQujLLu\.s 6 l(r^^§] (Machinery’s 
Handbook) Q^fj^Q^QidaiSijLb. 

• SrLpsSluSlsir <spQj) &/Dgi]d(§ ssrfl 

/£meutrdSUsv / 5 <* 0 ld &l£IQuj (&tLpjDd)d(§ 
L/5)<si>a5)L(?L_!_z_/7 <srsm mm/rev) 

a sir sen l1i_ld (feed) stssiiry 
Q&msbSilGinrTLb. 

• USVsfJuQutT(§s/rl<SV S-Glfl U^HLjLD ^snsissu 
Q S17L.(J) ^%LpLD (depth of cut) <oTsir&>)(3jDrTLD. 

3>gg)L — &6V Qeuemeoeniu^ (ol$iTi—nii(ajGU£iD(8j 
Qpeir^uj^thi&eh 

• urta^dfim sustnijui—rhiastsvsniLiLD adarru 
QutTQfyGSXStnLjLb UlTljf^fTSV STLDLDtT^I tf U 
i 3 iq.ui 3 (Sjssnsu 'oTmtQ] Q^tjhusu(t^Lb. 

• ad&rtu QurrQjjs/rlsir ^ms^isuu Qurtq\ 5 . 565 / 
&Tsi/suOTSiy QsuLLisj-d 0<53i/D<*<® (Ssusm(f)Lb 

STSSTtQ] Q^tjhuSUQ^LD. 

• 65<531 i_ <5 si), (Lp&>&>&>(o5)L &><SV, LDS^ipu51(f)^SV 

LDjDgpLi ad&rtu Quirq^snsnu Q u rr^d,^ 
QsuLf(f)<sifl (S<s/rsiy (qI&ujuj (Ssusm(f)Lb. 



• ad&rru QurrqjjGsxsrru QurT(nj£gi 
<oT<sijsnsns^ (Ssu<®<s^)su QslilLi _ (tpuj_uyLD, 

(o) 61V (_!_(/)) 3WLLl—LD, Qsml® ^%L£lJ) 

Q&iliuj (Seusmt^LD. 

• ot/5<5 GuflGn&uShsv (Ssusnev Q&iliuj 
(S susmt^QLDsirTu (tpuj.siy Q^iliuj 
G>Gii6m®LL. 

• USVsfluQumiTjm LD/DtQJLD 
QGmlQs/rlaswsnd (H&afldaeijLb. 

QurrSfieurrad ansmi—eeb G>g>j6$)6vQ&iuilild 
euffias) & (Lpss)jD 

• ad&nu Qunq^ssxsmj i3i^.ui3uSlsb 
Qurrqj)£&,GHLb. 

• ssrflsmu S-<sn^uiJi—^^l<sv Qu fT0<5<ssiy ld. 

• ^sftuSlm (Lps&m arLpegiib ^d&r 
2-uj[t£§>I< 5V &flujrTa ^jq^daCSsusmt^Lb. 

• s-msnm a6tni—&6Vid(&. 6 i 5 ) l _!_ z _< 563 i < 5 <s 

p)<3y<3y (oT&)jf)(o5)(ofiT 61V L (/))<9>6YT C06f)6ftl61V 



CTssr/p/ urrrjggi sp sir Qro rrssrro rrad 

G)&UJ UJfol] LD. 

6fe.LDL/ aaDLJsufargi. <5fo.L.® rsarj^StluSlisv 
6fe.LDL/<® (3<95/7<S357<5|5)<SU UrT^GmU <s>1 <SS)Ld£&J, 
3-(TJ)G$)6n <95(531 i_<J®L> (SuITSvCSsu 
Q&,m—[jGHLb. 

ldss)[j QsulL @su &iD({f), 3tLps61u51ssr rgl&Quj 
(ijhJih—gSilrDig {frLpfdffi^offiSisi <nsmrpm) 
LDjDgULD GdfjjjGtajDjfihiSlsir rff&tQiu 
^stni—CHiuiLimm 3=tjhutrsm si5)ffl<s<s<s31959 ; 

(S<s /T/5 6) <5 (J) <* <* siy LD. 

s ^0 < 95 ®r>/_6F<si) (oT^^irj^^isir ^) 0 (S< 95 /rj/r 5 ) 2 

<3)LdQuJ tel 0SW<595/95(0 LD(531/7 67(5337 

Thread Per Inch - TPI) ^svsv^i 
LDG&rjuSlGmi—^&flrjLb (pitch) = 12.7 l£1lE (<=pq^ 
<3iiEi(§<sv25.4 l£IlS) CTsw/py 
<s3i su <s^/ <95 QansfrQeumi. 

@t /><5 95<s3i/_9 : <su 67/ 1.75 lSIlE 
LD(S31/7u5)<S31/_<5^/7/7LD 2.617617 LD631/7 QsulLl- 
<3 6U 6357@LD. 

^)0(S<95/D/r5) 6£0 SrfOjTJJ SrfOgpLD (SuiT^I, 
£1)09563195 72.7 u5)l/? (tp<537(S<537/7<95ffl /5950LD. 



pwd(Satr tSU&j 1.75 l£)lE ldlIQGld pap 
(Ssusm(^)LD. (orrnQsu, atpsE spqp (LpQ£ 
appj SrfdiTjjLD Gurrpi, S/ttpGappl pi_Dd(§ 
1.75/12.7 appj ldlGQGld ^iqpLbu 
(Severn® ld. GldQscssst, SdGlLpsm 
^UGmstni—iL/CULD 20 ^<si> QluqpdSlesrmsb 
35 / (127 x 2) &lGS)i—d(&)Lb. 

£g) d, < 5 < 531 < 56 UJ uS/muj cgi/svray (metric) 
LDrrppp®parraGsij aenuasb 
^jiup^lpdiam 127 upaeh Qatrsmi _ 
usbadappajum evqpS}mpm. pmc* 
®(pGap/E udap^lsv 127 upaeh 
Qatremi _ uebadap(Lptb, i3ip.ui3 
udap^lev 35 upaeh Qanremi _ 
u<svadap(LpLD ^enLDaa (Severn® ld. 
a».®a>eorta, *lL@ uevsEetvemuSlsv 
(compoundgear), ptriL i3ip.ui3 udap®sb 
40 up ash (Sppey Qaiuaj, ®(p(Sap/E 
udap®eb 80 upaeh (Sppey Qaiiiptrev, 
r 5 LDd@ 2 LDi—di(§ (Sevad(§etnpuLi 
d)6tni—d(§L£>. ere$r(Sev, epu®QLDrtppd 
(gsmpuLi 40/80x35/127 = 35/ (127x2). 



• <?/$/_//t/ 7 < 5 < 5 ®l>.' (^}&s)(f,s tfijiurnidif,, 

(SLDjDmsmisurrgu u/D&datjrhiastvsrr 
^stnsmpp (Lpm^rnEidlsmu sp(§ 

(Lp(L£)& $£l(fJjUUGl]Lb. £|)0<*&n<s 1.75 

l£1lS (LpssrGssrndSl fBarjrs&.&.rr tsrmuss)#, 
^iflurrijdayS^Lb. 

&es)L-&<si) $itur5Gil!j£Gii<zv Q^iuiuds^u^tu 
Gsuensvaerr 

• 66 ®r)/_ 65 <su (turning) 

• f_/fjj_<S6vr as$)t—&>6b (step turning) 

• LDGnrjuUlQ&yev (screw thread cutting) 

• §]sis)efTuSlQ\ff,sb (drilling): i3m &,nrh]§>}uSlsb 
&jrjuuGtsm<si]G0G$)3>u (drill bit) Qurtqj)£d)l£ 
gjGisxsmiSli—GOnLb. 

• (tp<s<s<s<sy>i_< 5 <su (facing): 

asmi—&<sfl sirCS urra,] rstni SrLpsfluSlm 
^ddUsv QsulL (p£)<3 /d mb. 
(LpadaiGv>i—&>eSlsb rsmb SrLp&SluSlsir 
<s>]d<std(ff) Q&rii(&)£$,[!& QsuLf(f)d}GjDtTLb. 



<Ki.LDL/d 5 fflL> (taper turning): <Ki.LDL/a;6i5)®L> / 5 /tld 
3rLpsSluSlsit ^dffisSlqjjrBgi dlsv 

UrTSS)&& 61 /flsi) QsULlt^SlCSjDtTLD. 

0<s3ii_<5<su (boring) ^jsvsvsj ffjsmstrsmuu 
Qufl^trd^^si). 

Qutrsufl^si) (knurling): &naiui3is\. 
GutLgdarTLDGSlqjjdai gj/ryagj Q^Qid^d 
G><95/7(5)<956)T (jiurrQGUgl. ^ismutrtsstluSlsir 
(micrometer) s$)&ui3u\-uSlsb ^Lbwrrtdlfl 
Q&trpQ&tTtjuutra ^(njuusinpu 
utrrfdasvtTLb. 

ash LDSttrjuSIQtBsi) (internal thread cutting). 


peirrSl Q^fleShjq am (Acknowledgements) 

• £L£lLfisi) &SV>l—&si) ^lursdilp QSUSVSV 
ujorfiku atTQsmnrs/rl — N. {fsut(Lpff,Lh, 
QurtrSluShusonsTTij, LDgismp QunrjfiluHhusi) 
rflfrusumLD 


a&nLffsi) ^)uj/6^)/7i£> (Center Lathe) 
arrQGmmsrfl — urra sld 1 — by Teach Me Tekkie 

aSld^utTi^uji ui—ihia sb ld/dtuld 
<*/_!_ (J)<s3i/7<s6rr 


5 . QurTf$u 5 Uu< 5 V 6 u<ss)ijui—Lb - 
£)rD[5 <5 ?Lp<so gSIuijQ&lL 
(LibreCAD) 


®md<9> pwsv sfiluijGiaLL QinsstQurrms^en 

s-wsmG) 16.04 (g)si) &tuulq. flmisususii <°tsirrm 

G ^raiCSs 5 uniidaGomb. ^sufansb Q&rtmm Qpmtr}] 

&>lLl _6316)T<9>6316yTl///£) G)&rT(J))^&><oL] l _637 <sfl u [jGI&lL 

2.2.0 6316u rsIrrysn'iLLiif)]. (tp<S63i r (tp<5<su/7<g5 

epLl(^Lc>(Sunr^i Qwiftfld ^snsnsu (Lps^ipuSlsv lSIlS 
GTsirtr}] QiS, rji, GtsQdaGijLb. GwaLpld, Q^tjaSisb 
^thlS] GO ££$)&, UULSj-Giuj 6l5)i_!.(5)6l5 ll—GOrTLD. 

i3mmisb ld nroro (3su esisr®G ld siirorrsb (S^tjsi^u 
ulLli).lus61so Options (QapjGLjasb) -> Current Drawing 
Preferences f^'juGunstnSjiu sus3i(7L//_ 
aSiq^uutmaisb) £g )so CWssr/p/, Units (^srTstnsijam) 

6T63T/D &>£&>sSl<sb (LpdSllU 6U631/7L//_ ^StTS^SOuSlSO 
(Main Drawing Unit) lSIlS (Millimeter) 67637772/ 
(SprjrsQ&QdaGijLi). ^)(3<s sstntjujrti—sb 





QulLi^uSIsv $ihiai<sb Qurt^tb ^rreiflssr 

^ms^iSLiiLiLb, fitmasn GwstnrjiuuQurTf&fLb ut—LD 
GU$\£G& > n[D[DLDrT (orthogonal) ^svsvgj &ld ^gi/srrsiyjS 
Os, fTfdfo LLi n (isometric) ld/dtuld i3mnsod 
<g5L./_/5j<95syf)<s3r ^)<sD/_(o)sus)fl<sT>uju7LD 3^rj siy 
Q^lLHUSVtTLD. 3LDSg]LD <g50LVL/L} 
LSlsirsmsvsfluSlsv Qsumstnsrrd QarTQansfrrtaiu uuld 
GUG tnrjiLjLb. Qsumstnmu i3ssrssrsssfluSleo aQjjUL/d 
(HarrQamrTau uuld sussirjiu 3 susmQGlLDsirrptrsv 
Options (Q&ytjGij&sfT) > Application Preferences 
(Q&ilksO aS)qjjuu£ (SprjGijam) > Background 
(Ptimmststf}) Q&sirgu #FFFFFF mmrrp LDtTtbjD<^Lb. 

use suLSj-GiJstnLDuunfmrjam spQgraiasmDULi 
su&tdldarra “<szJ_z_<56y/_<s3]r 3^tjuuQ\^§,] (snap to 
grid)’’ srsirtQ] (S<s//siy Qinusu^rrsv, <9 >lLu 
^GtnuQsiJSiflsmu rflfsmuSld^Lb (ipm s-diam 
GUG5)rjui—d>d>ifD(8)d> 3&,Gts)Gmunm§isbsFUu£G$)&, 
fijiEj&srr &>(fj)t£d)}sv Qarrmm 3susm(f)LD. s-iuij 
iSJrflSiljDSST s,lLuld (higher resolution grid) 
3&,tj[5Q&>(!)\£&>rTsb, tftm&sb ui—£gs)&,u 
Qu fl&,ndShu i_S ?sir (zoom in) &>rtmrtai < 3Gij 



LDtTjDjr^dQatrshi^Lb. dLpd 
&Qj)®S)uuL-G<r>i—uSlGS\Qj)r53)l Snap on Grid 
(aLLi—pgjisir (SrBrjuuQ^gi) srssirrjj (5<s/jrsiy 
Q&ujujGomb. 

siS)syf?LDL/^^L.(J) (flange) suemij^eb 

rBmb spqjj si5)syf)LDL/<s<5L.® Linages)#, 

<SULSj.SUS^ILD^^I <S>jG$)&, ^JUjrB^lpU U6tPsflLD6tnGtrd(§ 

^j^juu(Ssusm(^Lb sjsiriQ] stnsuggid 

QansbGsunLb. Q&ujgSIuSIgZi uda^dfieb usv 

( 3 < 5 /T 6 iy<s 6 )T Qanrsmi— .S 06 i5) QulLls). spsiri^j 

S-Snsn§]. [5LD(Lp6&)L _ LL1 6l5)6lf)lDL/<S<SL_(/)) 

SU lLL _ SULSj.SULD. STmQsU IjtTLL) 6 UL_!_Z_<S 

Liu l d)S$)&) Q&trQdd) (S^rjsij 

Q&iuGisurrLD. p ld suLSjsusmiujLSlstr sustnasmuu 
Qurrgn^^i, QsusuCSsugu suLfilasiflsv su/si <S63i6ir 
susnpiusvsTLD. ^mrteb £|)/ 5<5 srQ^gidarrLlQd^, 
tBrnd GS)LDiuuLjsbsfil suLfilsmuCHiu (Center, Point) 

Ggrfsij Q&tuGisumJ). s-isir StlLl^. (§gjjd(§ 

£|) <S31LP<S6W<S (cross hairs) ^dlsfilQiD. 
6U631/TL/(_<5^)<SU 6T/510 (3 6 U 6351(J)(3ld 11^/510 



(o)<J/7®<*®<S37770L> ^fh](SF) 6UL_L_<5^j)(SOT 

(5ft)LDUj Li Li<STr<s/r}(oft)Uj <sdsu<®0ld. l5)<sot<sottt 
smmupSdGfilQjjrB&tJ ^ull ^snsijd^ $]i—LD sSIlI® 

/5<95/7;S|5)<S3J7TQl> SI/L.L<5^)<S5r c gi/Syr®r)SU<®<g5/TL.(5)LD. 

GsuOljon^ L/srrsyfMeu Q&rr($\d$d}mrTsb sulIlld 
GustnrrrBgii si5)@ld. ssb 6i5)/J_f_<5<sOT<5<s «f7L_z_ 
g<s)lduj£g$)&> GtnGU^&ju Qurr&tjsmmu sulIlld 
^jssrQlssrrrssr^] GustnrjujGieiJsmQLD. ^)^/D0 
dLpdasmi— (Lps^ijDuSlsv .sllsotsot 

6U ifluQuidl^uSlsb 6U<SOT/J6U3i/ <36U<SOT6U<SDUJ 
67<Syf)<9>/7c9> L£>. 



B-L^&osieL^ * mi & Li msi m |j»j kt -if 



Pei 


Wizard 


Layer List 



Library Browser 


Command line 
50,60 

Specify center 


ix [+J ft! -V -V .V ¥ Jp x — i + .» «. o |_a| o o 

-12.2500,119.5000 -62.2500,59.5000 Specify center -“{to Cancel 

120.1262 < 95.8530° 86.11 22 <136.2939° a 


Smll—LD GU6V)IJ&<ob 

LDrrpjprrai, fimiasb £D<s5)(_(tp<s<5|5)<s5r S(3rp ssbsn 
&LLi—<z$)6fT suflu QulLis)-u51<sv nsbsfilansfilm 
sS t 4,9,11 tJfoi& emend Qs,nCfj\ds>risvi ll s iilLi—Ld 
GusnprBgi siS)(J) ld. erQ^gidamli—rra, ibld 












s^iLDiuuLimisifl 50,60 £g)si> ssrrmgj. otsotGsiv 
65 l_z_ sot ®rr sufiu QulLi^uSIsv ^stnpQiu <oT(L£>S>1 
ssbsfilLLi—rreb <syii](§ s^LDiuuLishs/rls^nu 
<SDSU660LD. ^)G<s(Sl//7SU 32 ^fJ^S^^lLjLD 

ssbsfilL-i—rreb sullld su <531/37565/ siS)(pt£>. 
^GgGumso 2-msSlLLi—^stnpdamh— ^gyC3<s 

s^iLDiuuLimisifl 3-sbm 16 ^/jld Qarnsmi— 

SL/LLjS&njSuyLD GUGmrjQGunLb. 

§l£5)maes)6fT euemp&eb 

r5L£>(Lp6tni—UJ 6l5)sy?)LDL/ ; 565L_<Sn/_ 65LD cgi/SVrSlSsi) 65U} 
&,rmddl<svi<srrm otl® gjssxsnaiffdlsb 
LDsnrjujrrsvsflastsvsrr <snsu<s^/ pm!) Qurrq^^u 
QurrSlQiDfui srmtr}] <sds u^&jd Q^nshGeumd. 
^aiGsn [B^Lb a_syrsi5)/J./_65^/<*0LD 
(o) gu<si?Ig>51 /_!_/_< 565 /<* 0 ld /b(5)si5)su JHnn^sviLb tsnl® 
{fjGsxsrr&Gisxsrr suss)[juj GsusmQLD. pstsfliunrad 
asmddlLl® <s> /65<s<s aflrjdiaGtsxstr ST(Lgdhd 
Qarnsm® GldGsv susj nrjrspgi (Sumsv gjssxsnsysnsfr 
snss)fjiusomd. sSlurjCHaLL-^sir GdjDm&stnmu 



UUJ6irU®£S?l <3 <SU <SD<SU<SDUJ CT<Slf)<5/7<*0<SU^/ 

LD/dQi D/7'0 SUL^i). 

7. (tp<sa5)<su s ^0 §jss)snss)UJ^ (Spstneuiumstr 
^i—£$<sv GustnrrrBgi QamsrrmeyiJ). 

2. lSIsst aqjjaS] QulLis).uS1<sv Q&mgu Modify 

(LDnjoiQj) -> Rotate fifrLpfOfry) < si 5 ) 0 l }/_/< 5 < sd < 5<5 
(S< 5 /j<siy Q^ilhusi^ld. ioTG$)&>d 

atLpri)tQ]SijQff,mtQ] (3 <sl_0ld. jgiEiansrr susnrjtB^ 
gjstn <S 1 T<SDUJ<S a_<siT<sy?)i_<siyLD. 

3 . 6T/5<s/j L/srrsyflsDUj stsuDutLima 

&tLpjDgR<suQ£SsirgR (SprjrBQpQda 
(Ssusm(^Li). 50,60 £|)<su ssbsn 

6l5)6lflLDL/<5<5L_t<J_<S3r GtS)LDUJLb&>tTG$r. tSHGtS)#,# 

Q&rT®da<svrrL£> ^svGVgj aLiistnm suifluSlsb 
50,60 s-srnstflisvtTLb. 

4 . <s4&>m iSI/D( 3 j, st / 5 * 5 u udatb ifrLpfonjjsu^ sissinjj 

(S<3ul(^LD. (tpjSSU^/SDSITU^SW <SDLDUJ<5<SD<5<5 

^) 0 LD/_/<siyLD Q&rr®dd) ^trsmi—trsu^i 

^/<sd<S 1 T<SDUJ<S (S^ntrmuLDrra sshs/rlisvtTLb. 



5. ^ss)#, <55)su<s<s i3mmij, sp(§ l/^Iuj &msrr[rLb 

$IDd(§Lb. &T <sn UJ <s §lsbsSlUJLD[T3i 

3 -Grr<Slfl /_ SUL^)< 50 LD. 



Rotation Options 


■"T”-■- 

Command line 

HI 150,60 

Command: 


Number of copies 

O Delete Original 
# Keep Original 
O Multiple Copies: 



Angle (a): [ 315| 


Use current attributes 
Use current layer 
Cancel [ OK 


&,}<SS)(SfT&>®S)(o(T < 9 rLprDIQI 8 )( 5 V 


6. (Sui~sv(Ssu /5/7W0 §issxsnai<sb s uen/j 

Q&iliujgijld. i3mmij “Mirror (aisstsrsmm^.)’’ 
<950 si 5)< sdujl } uiumuQ^Gh rsnsir^ 

§16$)<5fT3i6film lSIlDULD 2_06Uf7<95<95<SD/7LD. 









7. i£smQ\LD <*0si5) 6luLiapd^d Q&mgH Modify 

(LDnfOjQ]) -> Mirror (asmswmup) CT®sr/_/<ST>< 5<5 
(S<5/7/b(d)^®^^/, r5nm(&)giiGsxsrr&GisxsmLiLb (S^ijs^ 
Qaujaj S-Gns/rll—Gl]LD. « SSSTSSSTfrUpUJ ! 73 > 

smsudai sp(§ G>arr® Qa,s<s)su. (3 a ml up sir (rpa>eb 
L/syrsyf) si5)syf)LDL/<s<SL.tij.<sw ss)LDUJLba,rrm. 

8. ^jusmi—irsu^i Ljsiisu'i&suud, ajsbsSlujLDaa^ 
(S<5/7siy Qaiiiiud arh—rb QrsQJjdaLDrra 
^jsvs^isvQujmjDasv, LEsmQLD arlisnsn suffl 
Opsoib afliurrm Lisns/rlsmu sshsuflt^a. 






&p[fileviLC> gismsfransfr xld §jjrrt£&d<sb eurs&rrsv 

loTsvsvrrLi effliurra 2 -Grrmgj. 


&ld ^iru^^lfsv <oTlL(§) gjGVxsirasrr 














^errey &ml(£lgeb 


S25)syf)LDL/<5<5L.(SDi_ GUG$)[J[5§1 SI5)/_!_ <3 (_ fTLD. £g)<Ssfl 
^lurs^rju UGts^LDGSxssruSlsb ^Gtnpd Q&iluuu 
( Surr^LD QprTLfisv si5)sds3T(S50<®0<s (S<ssdsi7uj/tsot 
cgi/svraydssyf G)<95/7®<*<* (Ssusw®ld. Too/s (aqjjafiansb) 
-> Dimension (^GiTGij) -> Diametric (giSIlLi—Ld) 
gu LIL< 5 SD< 5<5 (S<s/ 7 siy Q&ujgj (HatTGm^GtnpiLiLb 
QarrQpprTGV ^dQatTGm^^lsv &>rt(3m g61lLi—Ld 
.S yGVGVgl ■SHJILC GU Grip[53)1 r3i GU Glj LD Q 33 (44,3)1 

si5) (J)ld. 




aS)siflLDLj^LLis^<dr amlQ^GV 


LDJDgULC) £L£f-UGV)Lld <95/TL./_ Sl®SYf)LDL/<S<SL.tiJ.<55r 

g)!7«ii(r@ QPssxsoassxsmLiLb (Surrey Q&ujgi Qsus/rl 
si5)srf)LDL/<*0 (Sldsu ^gi/syrsiy 

Qsyssxsuturrets! euisi-GugGileb <3 &l£I£&gv 

s-tmasb sustsijui—^sn^ (S^ssxsuiurrssr 
Guiqsuihiaiisfilsb (3&L£lda suLflarsb a_<sw®. 






(HarruL/ (File) > 6rmd (S<5fu5) (Save As) (Sprfsy 
Q&lLlgl dxf SI/tJJ.SU<5^)SlL) (3<5FL/5)<95<95Sl)/7t£>. £|)/5<5 
sutij.su ld ^LCSL/rCSaL. (AutoCAD) aststflssfl a_<ssi5) 
sutij.sus3iLDLt/_/ Q&iu<s61u51<sv SH/pda^ (3& > rTg,[tm& ) i. 
2000, 2004, 2007, 2012 uttogjih 2014 ^LGL/tGati 

Qsuts/rhtfQatgrijd^p (S^rr^rrasyLb (H&Lfilda 

(LpL^iLiLD. (SarruLi (File) > 6jf)tQ]LD^l (Export) 

/_/UJSOTL/®<5<95SOT$S3f)<5 S) 6$) [J uSl 60 U tTtjd&Sl] LD 
<S>iddUj)i6iJ£fD(§Lb Q^rr^rr&sr jpg, png, tiff, bmp 
LD/DgpLD svg SUtJJ.SU/a/<95syfl^/t£) (3&L£]da60rTLb. 



6. g/0»7<su ^jiurB^IULL 

(Milling machine) 


uGtsrfhjQurTQfyGtsxsrr s^ilLi—ld 

Qan($\Lju&>m QpeoLb us^sfluQunrq^suflsSl^fB^i 
QurrQ^smw^ssi^ tSy&fDlglGu&rD&nai &LpeviLC> 
ssuflas^imu uiumuQ^&jLD 
Q&ujGb(LpGS)rD&>rTm atfQjjGusb ^(^ld. aisni—^sv 

^jiurB^Irr^^lsv usvsfJuQunr(§sfr ^LpsvSljD^i, 
ssuflsmu /5<s//<56yffl(3/Dfni- umtorra {FjqjjGUGV 
^jiufs^lrr^^lsv ssifl JtLpsvSljD^i uGtsrfhjQurrqjjGsxsfr 
rBarfesgil&GiDrrLi). (Sld^ilc> aGtni—&<sv 
^jiufs^lrr^^lsv Qunrgjsuna sprosop (Lpstvstr 
asfil&Gtnsrrij uiu mu® to nib. umptra 

§](f^snsb ^jiurB^Irr^^lsv u<sv(Lpmm ssiflamtsrru 
uiumu (J)^<9i/ffl(32)f7LD. 

dlrfiku ^srrs 61 <svtrm urtaythians^lsSlt^^^] Qurfliu, 
ampa an.LL®£ ^/ 0 sus v (Ssumsvashsump Q&iliuj 
(LpL^iL/LD. spsv&Sliuujnm Quiig)jS^iLOisi) (tolerance) 
pssbuuium Lmanhiassxstr QsulLls).^ ^lurrrfld^LD 


£|) uj / 5 | 5 )/ 7 ld / 7 ‘<s ^§1 Lfil&GijLb Qun&jGurtau 

UUJGilU($\£&,UU($\Lb Q<fUJ<SV(LpSDJDuSl<SV 
spmpn(^LD. 

6T&& : [f}d6S)& , 'urr§]&rTULid(8 ) (tp<saS)/_LD (Safety 
First)”. ^jiurB^ItTtdisnsiflsv (Sgusvksv Q^iuiL/LbCSutT^i 
^ujrB^irj^^if)airtm LD/Dgyi-b ^rs^u 
usisrfiLDGinmuSlm urtgiarruLiu uflggjs^rjaissxsmj 
i3situf)!Q]sn§i l£ 1 a ^suffliuib. 

ffdOfysusb ^ajrBfslrrrhiam QurT&jGurta, ^rjsm® 
GUG$)&>uu(f\Lb. a_syf) Q&rai(§£gj ^jdffUsv SrLpmprtsb 
tSygj &)iQt)Gi]Gb ^lug^irjib. sstfl 

SOstni—LDLii— <s>t&&)<sv &tLpsmptrsv 
®<sy>z_LD/J_z_<s &jQtjGi]Gb iu rnb. 


Q&mi( 9 )£§i£ §i(!j)GiJ<sb ^)iutB^I[Tib (Vertical Milling 
Machine) utT&iiiaeh 




Qo tit (0)4,0,14, atfqjjGusb ^lurB^irjib (Vertical 
Milling Machine) 



















BvTosakaCCBY3.0 


§]qj)susb ^](L//5^)/7^^)ai) <5Lp6i5)uyLD 

<S4§)<SV (o)u/T0<S<5LyLJLl^.0<®0LD 2_6 nfllL/LD 

Q&rii ■SH'fS'isb s-sbsnm. 

1. ( 7 p<suL/d 5 ^/ 0 susi) 3srfl (Face milling cutter) 

2. 3rfpsS\ (Spindle) 

3. atipeSl <5<S316U 

4. girsm 

5. Qldgs)# 

6. £|)0<563i<s (Saddle) 

7. (LpLpihiamsv (Knee) 

8 . = gyiij_<5<56)TLD 

9. SripeSl ^jiudSl 

10. <9tL£>gSI (S<SU£HLC>tTIDgiJLi) ujn&darTLD QtBLDl3 
(Spindle speed gear lever) 

11. <9tL£>gSI (Ssu< 5<5 &>lL(J))U urr(i)) Q^tbi3 (Spindle 
speed control lever) 

12. 6T635763163S7<5 Q^tnllSj. 

13. (Slds^i£f soad&daitjLb 

14. QldSS)# y/J.(J)<5 (5<51761) 



15. £|)0<95631 <*<5 <5/765$UJ/siffl /550LD <35/7611 
(Saddle automatic moving bar) 

16. £g)0<95631<95<5 <5/765$ (77/57® /5507D 

s,LL(^]uunQ] gtLp/Djfil (Saddle automatic moving control 
dial) 

17. £g) 0<5631<5<5 65155555/77D 
75. (7p7p/57 5/761) 631<5<55<95<5/7LD 
19. 6l5)631/761/ 6l5)6315 

£|) it//b £ 5)7775 usivsfiLDGvmuSlsb usb§jss)pp 
^ps^iLDSuniurB^ ^uj^^irjthiais^tlsb 0/06176$ 
^]iurB^l[7LD spsirptr^LD. Qunfgisurra £|)63i6i7 
<5L6311_ 3 tD2)75/775L/56316V7 QsLILLl—U 
U UJ(ofttU (/>)d55> 75 75 (J)) ®6372)637. <5fo.(J)<5 611/75, 
0/63i677u5)(/))<56i) (drilling), 063i/_<56U (boring), 
up&dairjLb QemlQpsv (gear cutting) LDjopjLD it,rrcr¬ 
ikey Slot) Q(oU lLl _61/7D £|)6iy/D651/DLj 

75(7763775(/))<5<56ll/77D. /5507D 

u6vsfluQurT(fjj<s/rl<s61(fj)r5& > ] 2_S6D/75<563i<5 

cgi/52)2)/617^2)0 0/0617 61) £|)(77/5£5)/77D 7561)(7p631637 
a_6yfi563161TL7 75<7/63775(/))<50/ffl2)0/. 




§l@eueb a-efi\a<$n>i& (Milling Cutters) 
iSluf-Uumssraignjii 


(tp<suL/<s ai/06U6i> ssifl (EndMill) 




fi)<ofr&)](oLirrfjLD, &rraS]daimq. QgulLi—u uiu<dru(^Li> 
j^lssflQsuLLt^i ssiflam 


si5)su*0syr <9ssi/si5) (Spring Collets) esxsirggi (LpfhULjd, 
§](rjjGi]<sb ss/rlaGinm ^)uj/5^)/7<s^)<su L3isj.dSl(SptTLD. 









ffl<55)/_LDL.z_<5 susb ^uj^^ltj^^lsit ssf! (Cutter 
for Horizontal Milling Machine) 

aim^uSlsb &rraS] (Suml® ^LbLDrrSdfl ssiflsmu 
<SrLpsflu51<sv QutTQ^^^iSlQjorrLb. 



6i®6U<95<95<® 065 )(_<s<su 2_s nfl (Offset Boring Head) 

(Surr^liu ^syfsiSai) ^iijuusmsusv^ (drill bit) 
^sbssxsoQujmpttsb §]G$)6trg,s$)6mj 



QuflprrdaGijLb, ^isvQShuLDrrdas^Lb sfihsvdad 

0<S5)Z_<50l> 3_6ffl LIUJGiruQdijDgl. 

§I(§ojsv ^ujrsfiiirTU iSlu^uumssr 



Q&)6$)<siJUjrT6$T urTtsm&uSlsv ^iq^uiSl &svsud&,6ii6V6V QurrnfiJd 
&§] 6 $)<su (A machine vice that can be turned to the required angle) 



QuqfyLburrmnm U6vsfluQurT(rijLlam G>LD6tn&u51<sv 
Qurr(§^uuLl(^mm Qurrifild 3>§is<s)suuSlsb 
i3u^daiuu<^\S}mp)m. T' si/uj_si/ 
LDstnpujrrsvsflsmuLj uiusztuQ^G) <55^/<sd si /sduj 
G>LD6tn&u51<sv Qun<ri)£§i&>)(J>iDrTLb. 

GULpd&LDrresr §irj^eu spi LD (Conventional milling) 
§l(njGi]§tiL£i (Climb milling) 

GULpd&LDnmgjqijGUGgid^Lb sigu a/rffisugu/dirgiiD 
si5)<s^)(l//76fld Q^flrs^i Qamsrrsijgi (LpddhuLD. 
&>Gurr)nm Q&iu<sv(Lp6iniDGmLiu uiusiru(^\^^imrTsb 
ssiflam sstni—iBgi ustvsfhjQurrq^LLaa^Lb 
sfismrraGvmL. 




uGvsfluQurTQpm asfiluSlm aLfirij&lsmu sr^lrj^^i 

2®ffz_!_z_ uu id§!■ Qurrff)]surra (yrrnl® 
QsuLlQdig suLpdaurnm§](rjjsijss) 60 ij 
uiussTuQ^svml). 











e_afl a^pgjjib 



QurT§iGurT&3, giqijsusi) (SeuesxsoQ&iLitLiLb 
(LpemjD&en 

§](rj)Gi]6b &>G$)60uSlsb «^0 ss^i3u\.ijurrssi smlLi—Ld 
Qf5LDl3 S-<sbsn§l. 0<95<531<95<5DUJ X, Y LDJDtQJLD Z 
^aaaSlflSV G$)3i(Lps$)rDlU[T3i MLLlil 

(o) <95/7(J) <95 <9561117X0. (LpO,sSlsb Z <SH&<9 t, l5)<53J<537/T Y <3t&Sr, 
astni—&l iurra X &flQ&iuGij& > i HfIidi i&> 

/5 <SD L (/p<5D/D UJ/T0 LD. 











§](f^susb ^jiurB^IULD $srrsurrdS>)sv <s>ja,rrsuo,i X 
^jddlsv Qurrajsurra lEssl smiXi—ld QugjjLD. sp(§ 
(LpmCSsmrrdSl LDfdfryLL i3mQmrrd&} ^aij^ajLb 
QrsLDiE Ltr/DgjjLD (Ssuad aLLQuumlQd (gLELp 
lEsst sMLh—^sn^d aLlQuuQpgjdlfDgi- 
ss)a(Lpss)p)UjrTm 3 wlLi—£sv>£sSI l_ lEsst 3wl.I—ld 
Q arrQ\^a,rrsb d! tori a, urjULjd dij&s )ld a,iun$lda 
( Lpispujid. gsElrj fismi— QsuL.(^asiflsv 
^uj^^irj^ssia, ^jiud^usurf (SarrrjsiusuujLb lEgsi 

3 ML . I—LD 0<S31/D<®0tO- 

ssrflastnsrr dsvsvdarrsvsfluEsv (Arbor) 
l 5 ) uj-ddlG!to mb. ‘V’ suLSj.su surrrjuuL-stu _ spL.LSj.ash 
(belt drives) ldjdi^jld usbadarj <5 Qa,rri—ijasEssT (gear 
trains) suLphurra dsvsvdarrsvsfluEsh aLpsi) 
C36U<S<5<S31<5<5 (3<5S3i su«G approsuntry LDiifdfosvrriJj. 

dlstu—LDLii—d, ajqjjsusb ^jiurB^rj^^lsv 
Qaiuiudan.LSj.iu usvQsunrp sustna (Hsusmsvash: 


Lida LLjDgjjLb (Lpa ssE uiushuQpS)) arrisj. 
QsuL-isvrTLb. 



• asnsrfupp (shell) asifl ST&zrp sp(fi 
^&<svLDrTm 2 -s/rl uiumu(fipfi3 pustnu 

(3LDJD U [TU L/tBStTIStT Qsu LilSVtTLD. 

• usb &datjd a/mp (Sutrsiip 
udap(3&,nppLb Qanstfmspqfyd^Lb spq^ 

2_6V fllL/LD LDJDgULD ^(fJjULI 

Q u npjpp&nLD siy ld (indexingfixture) 
uiusfiuQpG)) usb 6F dairjtb QsuLLusomb. 

• usv 3-s/rlam Qurr<ri)£S) On.Lb(fi)£ giQTjsiJsb 
Q&lLHUSVtTLD. 

^/0susi) ^jiurs^up^lsb usbQpssim ssifl 
uiusfiu<fi)p^isuptrsb sp(§ usbsvid(&, ^)si/susyrsiy 
l/5)l/? srsirpj 3mlLuld Qairt<fi\dai (3susm(fi)Lb. 

^mrrsb QsulI® <Sd,LpLb &Gtni—&sb ^uj^^irjib 
(3urrsv(3su &>ntm. 

Qurrgj sir trad ®<st>z_ld/_!_/_ <5 §](f^snsb 
(3 sustnso( qI&ujU- i ld suflsm# (Lpstrip: 



• QsuLbQib (Ssu<g5<s^/<®0<5 £(§r5£beurTgi] 
fflsvsvd^rrsssfl arLpeSluSlm <36U<S<5<S31<5 &ffl 

(ol&lLJ ILI Slf lb. 

• (fl) 6 UL.(J)LD = ^,tp< 5 ^/<$ 0<5 < 50 / 5 < 56 U/Tffl/ 

(fl)s/5j0<5^/ ^1/<S631S Ql S-ILJUJ SI] lb. 

• sp(§ U3bsg]&(&) stsususttsl] l£IlB3wlLi—Ld 
3<56316uSuj/T c gi/<5/D0<5 <50/5^™j3ufT®L) 
fimeimdSUsv Qldgo&uSIgZt 3su<s<5<s3i<5<5 
3<s //eiy Q & iluu si] ib. 

Q&rhi(§£gi£ ^i(§susv ^uj^^irj^^isc 
Q^iuiuda^u^uj usvQsugu 6U63i<s Qsussisc&sb: 

• (ipaQsuLb® a_sy?) Qpsvib amsf-&tQrijib, 

&ns)S}uunGS)&>git§n > ib QsulLi— scrub. 

• u<5<$ LD/D/p/LD (Lp<s 2_syf) uiussrut^^^l 
udarriiayssxsn Qsuibiscrub. 

• T' suLSf.su (Tmax) ssifl uiumu(jb£&) 
< 5 L. 63 U_ 3 LD/DU/TUL 7 <$ 6316 yr QlSU/_!_/_ 611 mb. 


raefrtfil Q{5 ffiafiluLi& err (Acknowledgements) 



^lSIl^Usv 3)](njGi]Gb ^jiurB^ld (Ssusnsu 
urorSluj arrQsmmstfl — N. &sm(LpaLb, 
QuirSluSliusonmij, LD§iss)[j QuirSluSliusb 

f§ljQ]SUmLD 

aS}&§>}UL$is\-Ujn ui—iEiaeh ldjd^jld 

<95L(/))<S31/7<S6)T 


7. sujjLLLi^err, QunfQjjd^nui&ek 
LDfDfQjLD Qurrn)i§l&<sfT (Limits, Fits 
and Tolerances) 


18 *SH,LC> ns^sTLSj-fjjt^ (Lprnmrj, gjuurrdSash 
(Sutrsh/o (Supsrrsy a_/D/_/<s^) Qauha, (mass 

production) aQ^s&lasis)seta On.i _ sfi)as&) s$)siST(STj tja str 

spshQsu rrshjr) a a d, a^iuniflfsa,! £g) as) smtd, a, m ij. 
§]uundSuSlm spqjj unaab ld/t/d/d (Ssusmis 
<3<5<S316U uuLii—trsv (Lp(Lgd, §1 uurrdSsmujiq lL 
LJ(L£)§JurT[jd(§Li> <S31<S6l5)<STKS37 r (g)0<950 4UCTIUU 
( HsuGm@Lb. ^Gvsv&tj <s>)GS>£d smaaSl lI® 
LD/DQfDrTQTj li^Iuj gjuurrdSujrTsv LDrrnoiD 
G>SljGm(ii)Lb. LDtTJDJDLD ST&tfSl] LD QaiUUJtTLDSV SpQJj 
a,luutrdSuSlsh urtatb ldjdQjditq^ ajuundSuSlsb 
< 3 iuuuf-Giuj QuiTQ^rB^n^i. 


18 LD/DtQjLD 19 ^ld ^jropttsssri^sb uflLDrrjDjD^da 
urraaiash (interchangeableparts) &>tutTrfld(&)L£) 
sul£1(lp snip ash uLSj.uuLS).ujtTa 


2_06U/7<®<95L}z_/L_L<S5r. U [jl LDtTJDg)^d<3i UtT<3)thl£Hm 

g,ujmflui3sbg > [tm surniLiam, Qurrq^^miaisn 
w/DguLD Qurrg}]6)lam GSurrsirg) aq^^^iq^daisn 

qj mijdffi IUSS)I _ FF,3) SSI. 

^jiurB^lgu usssflLDss)sstuSlsb spqj) urra^ss)#, 50 lSIlS 
^msfihsv piurrrj Q&iuujd Q&trssrssrrrsi) 
gjsbsSlujLDrtaid (^jt^ul3l1l- 50 l£1lS ^snsiSlsb 
Q&iliuj (Lpuj-iurrgi. ^ssrtrsi) (SLDsvsugLbssiuiLiLD 
(upper limit) d Lp sup ld ssiuiL/LD (lower limit) 
Qatr^^trsi) ^isuiDguddlssu—udlsv suQ^LLrrgg 
Q&ILIUJ (LpiglL/LD. (SLDsi)SUPLDLId(^LD 

Stpsu/ 7 LD/_/<* 0 LD ^)<sjn/_u®su ssrrsrr 
(Ssuguumls^ii—u Qurrgu^l (tolerance) stssigp 
Q^tTSvSlCSptTLD. 

^esxzmiLjLb unsniisu^dt^ ^jesu—uSleb ashen 
Qlgydani ^i<sbeo§i genrjeii 

spqtj £g) lug £5 )p unatt LDg)Qg)fT(^ ^lursSdp 
urraid,&ji—ssi ^i&nsmut(SsiJsm(^LDtTsmtTsi) ^psm® 
urraumaishlssr ^sneijaugt^tb (LpddhuLDtrssrssisu. 



isjQs^srsirjD^TSv ^sjsisu ^GmsmuLSlsir £g) ujsbssiud, 

^/7LDf7®sf)<®®<S377D<5W- £§)® £§)<531 smiLjLD 




&)]65)GfT 




0S5W® 

gisjw® 

1 



gerrrjdg, Qun(iTjg>9>iL rffssysvLDrrrDrDU Qurr(iT)£g>LD 
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gj&xr® 




g)Ty<»«u Qun(nj&>9>iL 


UiraihiatQITjdlg ^)<SD/_u5)sU S-SbstT ^gudaLD 
^svec§] ff, srrrj qji ssi ^ sn&s) su / j G)un(rjj£&>Lb (fit) 
toTsirSDGijDiTLb. ^siisungg ^GtnsmiLiLb urratmaisb 
Qunr(fjjt5&)i«ijS>l<sv ^Lpsirgu Qunffjsunm susmaiaisb 


a_ srrsrrm: 


















^Lpsirgu gugv&li QurrQjj^iEiam 
gmrjrs^ QurrQtjgpLb (Clearancefit): 

^jpsmtfi LmatmaiGsxsrr <^G5)Gts$r&(&)Lb 
(Sutr^i 6Tu(]>urT§i(l>LD ^svi—Qeus/rl 
^(§r5&rT<sv ■SH'f)! (f,sitijfp, QufT(njt£t£L£>. 
p,smjfp, Qurrqj)£&>£& ) i&>((F ) <oT($\£&,]&&mi® 
SrLpsv &,G$$T($\Lb (shaft) ptrrhiQiLiLb (bearing). 
^)<SD/_(o)suSyf) ^)0^<5/7<SU<5/7®SJ' 8rLp<oV 
psm® <s/T/57®<®0syr*Lpsu (tptij_uyLD. 

QutT(§^LD (Interferencefit): 

^jusmtf) utrarhiastvsn ^6V6md(§Lb 
(Sutr^i ’oTuQurt^iQLD ^nrydaLDtra 
£|)0/5<5/76u (^gpdau QurT(§^LD. 
(^rrpdau Qu[T(fjj£££§jd(§ 
loTCfifgtfd^nLlCf! ^QjjixpGtvsmurrsvsfl (dowel 
pin), (^gpdau Qurtq^^ib 
<gfiqj)[5&>rTGb& > nGii ^(^(LpsvsxrtunGvsflsvuj 
sjfitfitmrrsb s-gp^hunrau 
i3u\-£&,id Qa> rr ship ft) ld. 



• rghsmeoiMrriDJDU QutTq$£&ii> (Transition fit): 

urrarhiassvsn ^ssismdq^Lb 
(Hurray u5)(3j/5<s £§)®r>i_(o)6i/6vf)u7LD 
^]<sv<svitld<sv ifilansqif ^giidaLDrTasijLb 
^]<sv<svaLD<sv £D0/5<5/tql> tsygj 
filsnsvLDi'jDjDLj Qun(fj)d, 3 )iij. 
fil ( 5 S)<oV LDafiff) LI Q U ITQJjp^gld^ 
CT®<56y<95<sf77_!_(5) .* <5617<SS<SU (door hinge), 
(^ap ifila, ^]gudsiLDrrsiG^LD £|)0<s<s<s 
<5fo.(_f70 / l/ 5 )<s <5 <5 6)777/5 j^/ld ^q^daid 

a^.i—a§i. 

^jLDLDiT^lifl Qurrqj)£&>ih]3iG$)6fTd qfftfildai ^jpsmtf) 
suLfilaush ssbsrrm. spssrgp ^issvsn ^Lj.uussii— (hole 
basis) ld/d/d^I < 5 saw® ^isj_uussii—UJiT(^Lb (shaft 
basis), suLpda>LDrra> 0 ipuusmsit<sv (g (drill bit) 
uujssTuQpd) apssimuSJQdlGiDiTLb. Q^rri—prs^i 
atissvsrrsmud drjufffipjsv /<su(g (reaming tool) 
uiumuCf.fSyi drjufffapSiQforTLLi. 
^iquusmsusv^aiiqr^Lb gjsnsnssnud drjuQ^sv 
^Gvq^aitqirijLb qpqg lSIlS^ isnsqaosflsb ldlI^CSld 
dlssii—ddlsmpssr. stmQsn gjssxsnaisisxsfT qpqg l£1lS 



cgi/OTSiyasyflai) ldlIQGSld Q&iliuj ^il/g^ld. LDtTjDrra, 
&>G$$r($\ 3 iGS)<sn [ 5 mi aGtni_&<sv ^jiutB^lp^^GV < 5 lutrrj 
Q^lUGU^tTGV /5LD<95(3j<5 <3<5<S31S1/U_//T63T ST/5<5 
<S>imGl]d(ff)LD GTGlfl^GV d5L® uu(f)^GVmb. 
^darrrjGm£5)lGtsmGV, < 5 sm (p ^gyuj. l/l/ssil 
(tp<sD/D®nuJS25)i— §jss)<sn ^i^uug<dl- (ipss)n)Quj 
LElayGijLD upGUGvrrau uiusiru(^^uu(^S}jD^i. 

(o)L//r/p/J§)<®fflfl6sr <5/7a765>«<®fflfr (Grades of Tolerance) 


UGSTGsrmL(f\il Qurrr^j^l (International Tolerance — IT) 
&>[JGUG5)3i3i<sb ISO 286 (°£]<sv 
GUGS)rjiutQ]d3>uuLl(f\Gb<snm. QurrrrpdliaiGfiim 
3)t]<sa&s)ff,-j,Gtt 18 s-snsnssr — IT01, ITO, IT1 (Lps,GV IT!6 
si/<531/7. £§)<s3isu giGvoShupdilGir ^msi/d^ sp(§ 

tSUrSlt&ftShunt&fLb. 

• /TO/, /TO, IT1 (Lfi^GV IT4 SU631/7' [5(L£>6y 

LDnG$fl&6n (slip guages), 
Q&QjjdlLDrrGsflam (plug gauges) 
(ZurTGSTID <S>)GrTGl]LDtTGSflam LDJDgpLD 



cgi/SVTiaSfJlLD <9506l5)<95(67Fj<95<95/7637 

Qurrv)]$am. 

ITS (Lp^GV IT7 617631/7/ 0 i<sv<s6hu 
QurrrfiluSlujGb (Sgug^igv^g/tIgv 
Q urrguSjam. 

IT8 (Lp&>GV IT11 617631/7/ Q U 113)1 
QurrrfiluSUusb (Sgug^igv^g/tIgv 
Q urTgy^am. 

IT12 (Lp^GV IT14 617631/7/ <5<95 lL($i(S 611/765 
( 3 61763161) ^GVGl )0/ <3j(Lg>£$lU 

( 3617 631 61 )<950 G)un /p/j|>)<9>6)7. 

IT15 (Lppsv IT16 617631/7/ 
2_0<95®617/7/7<9><561>, GTlflGUfriLj 

QglilLi—gv (Surrsm/D 
Q&uj 6i)(tp63i/o< 95 ( 65 <950 Q u nrrySdam. 



' Qur r/p/ ffi (IT) 


g/68) 6)7 


^)iq.uu€su— (j6ur)]uri$i 

(A-ZC) 


' 9 ]uf.uu 9 s>i— r<a/ 


ZC 


j— ^fiq.uu<ss)i— (SsuipiurrCRi 
(a-zc) 




iqjjuen _ <^/<arra/ 


<oU JLDLj LDJD^JLD QurT(§^LD g,[Jl£}G$)GO ^SS^LDLlLj 

UI—LD GULp&3A£>rTG$r SU/7LDL/ LDJDQJLD QurTQTj^LD 
<ss)LDui3sir gu<5$)[jlji—£gs)&>& amlQ&lrDgi. 
$}$<sv 18 ^[jmiaisfmaiij Qurr^i^iuSlm ^snsij IT 

<oTG$r <3LD/ij*f>SMT /_SU rifQJ (&jlfild3ilj LI ® SlfDgjl- OTSSSr 
^^lanDrrssmsv QurtjgiShuSlm su / rcl/ld 
<sy$airld(§LD. §iGtsxsrrdgirTm<s>lLq-ijuGts)L- 
(HGuruurrQamA (ippsv ZC gugv>[t 25 LSlflsij&Grma 
Qurfliu '5T(Lg^§]ai<snnsb (gjfildauuQdlGirjDsxr. 









^)G<5<3lJ/TSU, £6m®daiT6ftr^LS)-Lju6ft)l— 

(SsuguurTQasna (Lp^svzc snstnrj 25 i3ifls^asnrra 
tf!rr> Qro (Lf-i (fiifjjff, s)T usir (3jrfildauu@§il sirro ssr. 

surjiMLj LLjDnyw QurT(n)£&£§i&(aj 
6T®&§}da>ml(§\: 50H6/g5 

ajGosrr wjDgULb ^smi^sir Quujrjsnsij 50 i£t. lS 
^(Ofib. H srsirugi {FjGvsrr tSm^uusmi—uSlGorrm 
(Ssuguurr® sustna. ^a,sir ^i^.uus<s)L- (Hsuguurr® 
L^a&Uu ld ^(SFfLD. ajsfttsrrd^ QurriryfiZiuSlm 
&>rjLDrrm§i IT6. ^(SpQunrsv g srssius^ &,sm (p 

Lij-LJusini _ uSlsonsfti (HsutQjurT® sueftia. £D<s<sot 

^isf.uu6ft)L- (Ssnguurr® sr^iijLD sisssr ^(s^ld. 
.syprrsijgi ^)<ssw^syrsiy QuujrjsnsTDeorrm 
<sysrrsi]d(§d (^6ftipsurrm^i. LDjDguLb QurrirySZiuSlesr 
&>rjLDrr6ftr&j IT5. 

rssirrSl Q^fisrShjqasrr (Acknowledgements) 


sfild Quilis). urn aL-($\6S)rjasb 
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8 . fl_G(SU/r« Q<sulLi—<sv 

{Lp 6V LI Q U /T0 tl«S5 (S*5 lb, 

Q<sm QgulL® 

GgU<£/5/<£^II> 


s-Georrs Qeuili—eb ^LpeouQurrq^LLaefT 
eunjjuLi ^(rrjUDLi Lnrd^jLb 6To°o(gj sto ° o 0 

(o)L/fr0L<95S)T^)0i£)L/ LD/D/p/LD <95 flLDLD 

^ShusujDji^sir asosnsmurt^Lb. GurrrfuLi ^)0ldl/ 
LD/DgULC) <oTo°o(&j ££]IJGm($)d(§Lb |g)<S31/_(Suj u5)<95LV 
Qurfhu G>suguunr® arflLD s-Gtrsm—daLb^msir. 
GurrrjuLi <^(r^Lbi3sb 1 .7 ®51(Lg>darT(j)) (tp<s<a> 4.5 
6l5)(i£<95<95/7(5) GUGS)[J aflLDLD ^j(§d(^LC>. <STo < offl<55i r 

arflLD S-Grrmi—daLD .05 ®S}(Lgdgnr($\ (Lp^sv 1.5 

®S](LgdairT($\ suGvrjgmsir. 

affliL cto°o 0 (P/a/n Carbon Steel): £§)0 ldl/ ld/dtuld 

aflLDLD ^JjdhUGlJ/DrfilGST &><SV(5$)<oUUJ(oV<5VrT&> 

QurrQ^Lbammsv £g)/j>a> sass)3i ^t,mss) su. ^GurofSlsb 


aflw asbmi—&&££$)&, tSyGdafl^msv $<sb &,gZtg<s)ld 
(ductility) 0<53i/D®/D#i/- ^Qwifldsi (^fSluSLiispm 
&g $>/_£) ^jusmt^i ^Gcdanmansb epq^ aSitggdairTQ} 
HsbsfiluSlmssbsn udi^ aflLD 
s-<sbsm—dai^ss)^,d 0/z5)uL®®®<s37/D<s3r 
<sr($\£§lda,tnli—tta>, 1018 cto ° o 0 0.18 Gfihgpdarr® 
aflLD 3-<sb<snt—da,Lb Qamsmi—gj. 

(8j<ot5)jD affiLL 6To°o(9j: Q U tT^] GU rT3i 0.04% (Lp&)(ob 0.30% 
aflLD asbmi—daLb Qamsmi—gj. ^)^®sr sussaftsu 
Quiuf ^rsSdujnefihsv Qldsst gto°o(§ (mildsteel) 
LDjDgULD <3iQLDijidarTGfihsv ^smda QgulL® oto°o0 
(free-cutting steel). (°£]§j <s> (o) rs nr^ithi 0 <5<s3r<s3iLD 
(brittleness) Qamsmi—giLD ^ 4 <sv<sv, r§sir 

pmsmD Qamsmi—gjLD ^<sv<sv. 

l£I 3> aiffliL CTo°o(g: Qun&jGitrtai aflLD su / tldl / 0.31% 
(Lp^sv 0.60%o su®n/T s-sbrngj ld/dtuld LDtii^&sf&t 
2-mmi—daLb .060% (Lp^sv 1.65% GUGtnrr £|) 0 < 950 ld . 

[gflgj 0(531/D <95 flLD OTo°o0<S316U Sl5)/_ GU GVI GU iTGSI gl . 
^GSmeb (gflgj 2_06Uf7<95<95, U/D/D<S31SU<95<95 LDJDgULD 
QgulLi _ L/5)<9561/LD <95t(J.<S3/'LD/7<S3r0/. £|) 61/619(531 <95 



STo°o0«S)7 (oULp&>&>LDfT&> (hardening) 

LDforryih pssi &s) ll tu rrdtf,sv (tempering) Qurtmp 
Qsuuuu upesfhsb (heat treatment) Q&iugj 
uiusituQ\pp,uuQ\S}mpm. 

cgyji) «{Pld 6To®o0: "aflLD a_srfi cto°o0” Grmrrp 
^3iSS)Lf>d3yUuQ\LD (^§1 0.61% (Lpp<SV 1.50% 617631/7 
arflLDLD QamsmOiimmgi. QgulLis^ld, 
snssxsndays^tb ldjdiq]ld upps^nsudsis^Li) l£]&gi]ld 
ans\.mi£>rtm§]. Qsuuuu upssfUsb Q&iiipmsv 

uS)<95SiyLD <3>U\.mLDrt3ySljLb LDJOpjLD Q^rip]thl(^ 

psirsmi) Qamsmi—prraGyLb ^dljDgi. 

aGOULfGeotTai OTo°o(3j. £§)63i6u £§)0 ldl/ ldjdpjld 

aflLDLD <ssi5)/jr rfldasv, (§G>[jnLfilujLb, LDmEiastsf&t 
Qurrmp s-Qsotrair&aisb&Gor5&>Gts)Gu. ^sups^ipd 
&Gouu&,m (StBtrdaLD Li/Drflstvsv £|)uj 6Ul/<S6316it 
<3ldldu(^p^isu^ild s-joup^l (Lps<s)!D3>G$)6rr 
ST<sfil&>rtd(& ) Gija)iLDrt(& ) Lb. (HldldulLl- su&SJs tsud 
( toughness), ^]Q-p susSJ&tild (tensile strength), 
aL!)-®srLDrrd(§L£) psiissnii (hardenability), (bsh psirsnLD 



LDfOfQjLD Gv,iuLDii&sr (wear resistance) 

^fflujsnsi/ Ljp)r§}ss)se ^utsbuansfisb ^L/aig^Lo. 

§K^uiS\uf.datr^ eTo°o(3j: Gluujtflsv 

0rt5)uL5)(5)SU^/(Su/TSU SUS<S)3i 

STo o 0 <* sirs^ l_ £K3 ujfdfo ld (oxidation) LDfdrryLL lSJ/d 

<SU<S31<95 tSmflUG<r>U loT^Itjd^LDngU 

su isj.su s^iLDdauu if ^surorSlsb 

(& ) < GtjrtL£huLb asvsfl&LDiTa (H&rjdauuLLQmmgi. 

^j(tf)lhL] <^/SU6U/7j5 S_(o«U/T<S5/5j«Srr LD jo (Olds 

a_Gsu/T<®<®«swfflnai«fflT: ^syLSiesfliuLb, ^rnfUjii, 
LDJDgjJLD QLDd&sfdllULD (^GlJIDjfiliSV 
(LfiddhULDtrsmS^lSU. £|)<S31<SU £|) 0 LD <531 (_/<Sl5) L_ 6l5)<S316U 
3-UJtj^snsu STStsflstrnLb 3-iurj Qsuuuld ldjd^jld 
LS im <95i_<5^/<s^)/D<s3L, (&)Gtr>!DfoirT6$r iftsStl, 
ldjd^Jld <oT6H?1&>it<55t L/<s3i<s3T<siy (ease of fabrication) 
^dhusujDjt^sir atTtrsmmtra (LpddhuLDrrsxr 
uiumutT(f\3>Gis)strd G)ansmuj.q^dS}mp)m. 


a-Qeorrs Q<smli—eb QsuLLQsiftam 



1940 ash su <531/7^ £5) a/fhn sro°o(§ QsuidQsrflaGim 
uiumu($\£&,uuL-i—m. ^mrrsb QsulIQld 

CSSU65<5<531<S = gy£5)<S/f)<5<5/76U c g>/^)<5 LD 
(^i—rT^LbGyurr&tj aiym^a,mss)LDs<snu 
£§)lp/56?!/S25)(5)ld. ^aQsu ^sd^iatb (a,t—rrmrTGp]Lb 

.5 UJ_ 63T<5<5631T<S31LDS31UJ £|)Lp6S6S/7<5 <5SULyL/(Ssi1/7<5 
STo°o0 a_0SU/T<5<5LV USV (LpUJ/ddlash 

srQdauuLLi—m. sud)r$lm s&smsrrsurra 

LDrrsSluu\.mLD, i _ nhswi _ sot ldjd/qjld (SjCSuniShu ld 

(Harjpgj QeuLLQefi otoo@ ^ebeoan ^(glQeua 
<oTo a o(9 } (High Speed Steel — HSS) 3-(^surTdauuLlw§]. 
^)su/ris3i/D QarjuuOtsii pyrsuii 63-65 prrdQsusb 
atystr < 3 imsyd(§ sursajsiSUj^Lb. usvQsugp 
susmaiurrm QsuidQshlash spurrfldau 
u iu ssi u (J) difo 0 /. 

aitjes)U<^i ^sbsuaj i—diswish arrrjstnu® srstrugi 
i—didsrvish LDrogpid a/flur ^i smi dashrissr aw 
urrarmasumd Qaasmuppr^dpOftb spqt) ^rjamumd 
<5<su<53isu ^^LD. £|)<S63T iSla uGtsu—iurrm 

suuj.su<5|£)<si> ambush rfftp r^smajasarra £|)0 <s 0 ld. 
yy, mrrsb dlLiwrii a lIisv (sintering) pip ®jld 



(3 &>sts) smartest suigsurhias/rlsv a_ 0 sufr dSl 
QsmlQsrflatQnjd^u uiueiruQ^evrtLD. 

£g) sutoton<bv Qgijl-®gii?I <oto°o(§ (HSS) ss/rlaesimd 
&nL-Lq-Gg]LD <SH$dl3i QsUUUrfleSKSVemljp 
&>mh]3i(Lpiq-U-iLb. (S^iuQsu^lduLiLb (abrasion 
resistance) ^ 3 tS>\&Lb. 

QsulLQ Qsu&ih, ssslLi_iL ldjdiqjld QgulL® 
^ifiib (Cutting Speed, Feed, and Depth of cut) 

&>G5)L _ &GV ^]UJrB^lpLb, §l(f^GU(ob ^luf^lptb 

(SurrsirjD s-Qscrtaab QsmlQLD ^ujf^iprmaisdisb 
^^lauuLgujrresr (SsuaLD smsu^&.rteb QsmlQsifl 
sfilesipsfiKSsvGiuj ldq£>i&i&IgiSIQld, ^gy^/rsiy 
^77DL/®< 5 Ji/ld LDjDgULD Qg,rSldaida^<^\Lb. ^jeSlSU 
^etnexrpgiLb ^ > u£&>rrm r£les)<sves)LDatgnjd(§ 

6 U 1^61/0 <95 (3jLD. UGtfsfluQurTQIjm LD/DgULD 
s-GfiiauQtTfdtS) 2 -ifluj ^fhurrest (Ssuapesipu 
uiuesruQptdlexrmsv ssufluSleir ^iL/err LttgttgiLb 
uessfluQurt(§siflesr (SmjDupuLid drjenLDemuu 
QuflgiLD 6)1 a fid a sort id. LDrtprta iflad^esiprs^ 



3sU<95LD 631SU<5<5/7fflL> (SrBULD sfistStm^LD LDJDtgjLD 
s-jdu^^I^^Ijdsst 0 s^ijdil/ld. 

£DZ5<5 *3/5/7 ^Lfiustnu ^ajDQjLD QurrqijL-® sto°o 0 

LD/D/p/LD Qsu/J.tjlsrf) 2-lj[§} trpGUmth] <956)7 

^pniurs^i Q&rT&>GS)m Q&iugi uflrB^ismijd^LD 
ffla/L® asm situ uujsiiu($\£& > eorTLb. ct/5^)/7^ 
(a)<5f70^) <S31 <s3ujl_L9_6U (Machinery’s Handbook) 
usvQsugu ^<svuQuiT(ri)LlatQnjd(§Lb QgulL®gi?I 

SU<S31<95<950LD fflsUL.® 3su<95LD, SSTlIlLD LDjffQ] LD 
GIgulI® <Sd,LfiLD <95/7S337SUf7LD. ST(J)<950/<95<95/7L./_/7<95 
g)/5<$ ^)s31S33r(Lf<95S17<S^)sij SLp<95<95<S357L_ 

3<s/7siy <95S3i sy7<? Q&iuiLjrhiansb: 

1. <sn<srr 6 ts)GuujG 0 (& ) (Unit of Measure): lEI.lS. 

2. Q&iuusmf} (Operation): a<5$)i—3 : GV 

3. UGVsfhjQurrqjjGH (Material): ^smda 
Qsui_!_(/j1 sto‘o 0 ^GVGV&tj Qldgst <oTo°o(§ (Free 
Cutting Steel or Mild Steel) 

4. fflsuLfJ/sif).- <95/7/7S3i/_/(5) (Carbide) 

5. UGVsfhjQurrqjjisfilm aShfi—tb: 50 

6. Q<SUlL($I (Lp S31S37<95S17 6T633J7 1 


i3m asmd&>)® stmrpj Q&rrQdSilesrmsb 
dLpdasmisujDSftipd asmddlLlQd Q&n<$\d(3)Lb: 

• ©si/L® Qsuh-,ld (Cutting Speed): 274 m/min 

• 3 rLp«Sl (S6U&LD (Spindle Speed): 1740 RPM 

• iSldlrj ut<sirij (Chip Load): 0.838 mm/rev 

• swlL® Gifi&iLb (FeedRate): 1462 mm/min 

^jsujDj^hsv i3§\ij ut§rf)Gis)Gij QeuLlQsifl 

(Lp(o&)(o$T&>(otfl got <oT<sm<sftftf\d<sft)a,ujnsb su (&)&>&>itgv 
QfiUL®) ^LpLD d)6ft)l—d(§LD. 



Speeds & Feeds 


Unit of Measure 

Inch • Millimeter 

Operation 

Turning ▼ 


Material 

Steel - Free Machining t 

Cutter Material 

HSS • Carbide 

Cutting Speed 

274 

m/min (244-305 m/min) 

Work Piece Diameter 

50 

mm 

Spindle Speed 

1000 RPM Machine Max 1000 

Cutting Edges 

1 


Chip Load 

0 838 

mm/rev (0.152-1.524 mm/rev) 

Feed Rate 

838 mm/min Calculate 


[5<oirn$l QgjflaSluLJam (Acknowledgements) 


aS]dS}UL(h^uj[t aL-(^\ss)rja<sb 













































9 . (CNC) GrptslF 

zStfUj-UUSSH. _ <9>6fT 


$reir aQiua OT/5^)/7ic Q^ss)GuuuQSIid§]? 

a>®psfl<5sfl ersmsvsflLD aulQuumJ-® (Computer 
Numerically Controlled) siipS)rjtM&s$)6iT&> ^lSIl^Isv 
s0<s<sld/7<s<95 aQiuai sr^^iptb ’srmtQ] a^roecmd. 
^(f^uflLDnrsm^svsv^i (LpuutflmrTsm^^lsv 
ffidaeorrm sussxsnt^a, suisj.s£husv urtaitmaissxsfT 
a_(Ssu/7<g5LD QgulIQld ^lurB^ipdiaisb ^Lpsotb 
a_0suf7<®0su^/ uSasiyLD at^swLD ld/d/ti/ld 
Qasvsum^LD. ^LDLorr^lifl (SGus^isvd(^u 
Qunrgjsurra QsuLL(^stflu51sir (^ujdaimiaiGsxstrd 
aL-Quu($£&, dldasvrTGtr GULfiiLitrptdlaGrr (jigs) 
(3<5<S3)6Ul}l_/(/))LD. (SLDSplLD 6TSS$tStsrf}dG$)&uSlGb 

un&tmaisb QaiLUL/Lb (Sutr^i ^isb&ShuwtTasijLb 
(ajgjjdhu QuiTQij&jluSlsglLb (close tolerances) Qaiiisu^i 
■su^mth. £|)<s5)6u <ssi®/7 ^iudai$\sbscru£>sb 
prTGvfhuihidlujrra (Ssvsnsv QaiuiusijLb a_/r5u<s^)<5 
djitDGSKSstu Quqtjd&GijLb aGhua (^ujrBGjitjihiasb 


<^mrf)IUJG$)LDUJ[T&>GtS)GlJ. 2_ SV <95 SITmnSIUJ &[5S3) <Su5)®L) 

QuilLi^uSIl 1Q\ spuurB&iEiasn &Qiuai 

^iu^^i[jih]3y<sb <55)si/<s^/ < 3 /6>) a_/r5u<5^)<5 
^IpsSXSSHLjLD 0/p/®UJ (o)u/T0^)®DUJ(4LD <3)53)1—SUgl 

<3)<su®ujL£>rT&)G)5lLLi—& > i. ^surorSlsir ^ipuLj 
^LD&imaisfileb (Lpd&OujLDrTS3TS3)su 
G)51s3)&uQurTrfilatQti)Lb ^Iq^^ld (ball 

screw). ^sujDGtniDLj urd[0! (Lp^sSlsv urnjuGuniJj. 





SiQujai {FJQfyGUsb OT/jj£5)/TLD 

aSlsm&uQurrrfilaefT 

LfilssrQurrrfilasisxsfT 6£/_si5)/_!_(£) rflgupSdstsrmsv s-rB&j 
Gsu&csSd&v Q&rTfsj&LD spup^nm fffrD&fD&d 
toTmusis)#, rsmb utrtfddlGjDmi. 2_3<su/7<sld 
QsmlQiJ) ^)(U/5^)/7/5j<®syf)su aMLii—^s^i^iL/Lb, 
QgulI® ^LpjSsaijSuyLD 
gjsbsSliULDrrai rBarjp&j uLLQi—mrrp Q&n&srasr 
<^i—£$eb rflp(§Lb spqj) &rr&,mLb r5LDd@£ (S<s<5dsu. 
^,<*<3su &Quj& (Lpddhu urraub 

s&Gin&uQunrSlg.nm. Qsuaob 

LD/ogULD gjsbsSlujLb ^dhuGtn su stilem&uQurrrfilu51 sir 

cgi/SyrSiy LDfOnjJLD 6U<S31<95 ^)SU/Dfl5)<SU 

uiumu($\£&,uu($\Lb ^rrsm® (j^s, sit stud 
s&sTi&uQunrSl susnaasrr ULsprflsnsv 
LElmQurrrSlansb (stepper motors) id id ny ld usTsfluL/ 
LElsirQunpfilasb (servo motors). 


uessfluLf LSlesrQurrtfil 



us&sfl ULi LfilesrQurTrfil tzrsirugi (Harrsm 
rtjl(oft)<oV li u fTLL(oft)i _6f> ^isvsfhuLDtrad 

<95L_® uu ®<5<5<95 6£0 SrLp^ILD 

LfihsxrQurTjfihurT^Lb. ^pgjisir^i—pstnpd 
(gjtfildfgjib <5p(ij asmifl (position sensor) ^fj6$)Gmd,3)i 
(Sld^ild spqj) usvsfluLi ^ludaanb (ser\’o drive) 
(S&rjppmsv rsmb (SldCSsv (^jt^JulSIlLl- (tps^jpuSlsb 

(SS17<S31<SU<SDUJ<95 <95<j£)<5LDf7<95<j Q&lUlLjLD. 

usvsfluLi lSIsstQu ntfii spqt) rflsnjo attQtryd (closed- 
loop) &LL(f\uunLb(f\ cgi/fiDLouL/. ^&,sit £g)iu d«ib 
LDrbjQiib rflstsvsvsmud £g) z_ld 

0rt5)<S<S i3ssrss)tTifi—d «na u (position feedback) 
utussiufff^Siifo^i. srsi/sususi/ §itpib rsarjrB&ti 
6nE](§ rflp<3i(3susm(f)QLDsiriru aLLi—Gtnmsmud 
&GtvsfhstsfluSlsb s-drsrf® Q&iiipmsv <s>ib&£ ^sm(f) 
(shaft) < 3 t&,(f)(S)d) &>(&,$&> ^svrsiy Srfirpib. £|)i_lo 
LD/D/p/LD (SsU<95LD UJBJT^UJ l3GST S31 ITlLI— IE13jG<S)StT 
suLpdi(^Lb (^r^hutrddliLiisir (encoder) 
^GtrismdauuLfQmmgi. ^d<st^ ff,sssru\.m 
(Ssu<95<5<53i<s <3i®rrda spsuflufhusv &Lp<5Viib 

(^j^hurTdSl<9>&nsmLiLD (optical rotary encoders) 




LD/DfQ] ld iddsirQ u rrrfiJ Gtsua^sn^d 
spqjj LDirguGsua ^ludaa^GinpiLiLb (variable-speed 
drive) uosAul; lOssiQu rrrfilam 
U UJ situ (/j) £§] ® S5T/D <53f. 


usvsfluLi LEimQurrtSl 


(_//_<s^)su ssbsn usvsfluLi l£I sirQurrjfiluSleb 
&mbusb u&gs)& 2_0<s3>6yr L£lmQ&,ms\- 6iv<53i<s (brush- 
type) $Gtn&LDiTiDn LSIesrQurrrfil (DC motor) ^,0 ld. 
SGtp <950 ul/ a_0®nsyr $Guai£G$)&>d (gstn/oda 
sprj&& ujD&d&rjil) (planetary or coaxial gear) 
QamsmQmmgj, LDjDgpLD LfilssrQurrrfiluSlssr (Sldsv 
s-snsn <950 l}l/ urtaab ^]i—u i3m@riiTLLi—d&,id(&, 
sps/rluShusv atLp&piLD (gjfihurrdd). 

^jrs^d (grfihunrddl ^]iurB^lp ^ujd&^GS)#, ifihssr 
^LSldssx^iunai LDrrjogpSlifopy. £§) 0 / 
i3m&rnTLLi—LDrr3>u uiusfiu<fi)^uu(fi)d}jD^i. 
^rspu i3mss)tTLLi—Lb i3ss)ip &G$$r(fi\i3is\-ULi 
&tT&>md,a ) id(& ) (error detector) ^iss)iuuijuCR\S\rr)ff,i. 

£g)/ b&> sna^mijj ir,riii> rflijeShsu QatT(j)\£&> 
aL-isis)GfTsmuu-iLb tBi—d(^Lb Q^iusbumfissu—U-iib 
spUl3 (P® ID§1 ■ 67(g<5Sgn/t£> i3g$)L£> £|)0/5;5/7 Ql>, 
(o)lj 0<®®<*0 (amplifier) ^/b^u i3g$)L£> (SrBPLS).ujtT<3i 
^svuuuuuQld. £g)g/ aulQuumfi® 

tBl—SUL!)-d <SD<95<950<5 <3<5<S316U 17/7(537 |£)0<5<5/57<95<S316V7<7 
Q&ILIUJU uiusfiu(fi)^Lju(fi)d}iD^l. 



uisf-rglaneo i£\eirQuntfil 


usvsfluLi L£]sirG)uiT[fild(§ sp(§ (gtfluj rrd£) 
(Sps^isuuut^dlp^i. ui^^\ss)SO LSlsirQurTtjSl&tajfb 
(3&>GS)GmiSlsbG$)GV. (Hldg^ld uLSj-rflGtsvsv 
LElmQurrrSluSlsb LEisirQpnu^ SUsm i—iurrgj. ^<95(Ssu 
2 -prTiu siy iBipddssxsst ^gvswsv. usvsflu z_/ 
LElmQurrrSluSlsb LEimQpmsf. asm®. ^aCSsu 
SrLDtTjj 2000 LDStfsfl QfBfJLD Qsussxso Q^iuptSlssr 
LSIssrOl^nuf. (SpiiirB^is^d^ptrsv 
LDrrjDp(Ssusm(^Lb. uL^rffs^isv LfihsirQurTrfilam 

Gisxsud.ffjLb (HLD/tjasmi— (Ssus^xsvs^nud Q^iuiusvtni. 
^mrrebgjsbsShutb (e^snpsi^. ^sGsu &Qurrsifl 
Qgul 2 ® (laser cutting) (Sutrsmp dUsv ^lurBtdlpiEiam 

^jusm(^) L£>tT^lfl£H<Sllfl<SV ds<S)l—ddmpm. UU\-$GS)GO 

LElsitQunrfil&sb (stepper motors) smsud,&,]d 0 < s 31 / d / b ^ 
G&G&eOuSlGVILD LDtDtQlLD @i> ®L)huLD LDJDgULD 

Q&iLKsvGdpsir Qarrsmi—stneit uaudtiq 
LfileirQunflash (servo motors) stnGupgj <s>i§i)a 
siSisinsouSlsviLb dss)i—ddmpm. 



A 


B 



uu\-t£\G$)GO LElmQurrrSl 

06 mQg, ^00 

0 < 53 sr(J ) ; 5 ^)00 6Tmu3)i spqjj (Srstf [ 5 atj&S) 

^]iurB^l[TL£>. i£l&d 0<sd/d/5^ s-tjmuaSisb SrLpsb 
^ludagsinp (SrBij $]ujdaLDrTd(§§>)fD3ii. s£® 
ldgmijuSIlLl- ifrLpsv gsm® (threaded shaft) 

(3^(offlsr(j)}<9i(6t^c9i(^ &(rt)GS)srr su i^ su isp(f)^L _ ld / 7 < 9 > 

(helical raceway) Q&ujsvuQSD/d&iI. £§)®r xsu spssrfgj 
Gt&rjrbgj Gpqjj lSI&£ ^isbsSlujLDrtm ^)®0 
^°flujd&>LC)[T&> Q#ujGbu(f\&\mtDm. 










TOuuuuiiuuuuuuu 

I 1 1 1 1 1 

m 4M4 i! 4 mWM 4- 


06OT7(/))<5 ^>00 

0 <sw® ^) 00 <g 5 syf)<sOT §)<sv §\tDui3ujsbLi3iG$)<srr 
(Lp^sSlsv urrpuGiurTLb. snipdaoDiai 
LDfDjQiLD gjq^susb ^uj^^irjimais^sb njiGtsfluLifl 

(acme thread) s-pmuGij 

(§sm®£ £5)00<956yf)<su a_/ 7 /rujsiy ^LpuL/ LfilasyLD 
0631/D 617/735 ^jQ^UU^ITSV, ^)00<5 <563S76T>i_ 
^Lppj/r^jsu^rDi^^ (S<56D617L7lj(5)ld &dfiZiu5lm 
^LpsstfSlsb spqj) urhi(& ) g > rTm. 

t5l(fjj(§d(§Lb LDss)rjaS]sbss)Scd(^LD ^stni—uSlsv 

S-QJjtQiTfLb £)<5/7/_/7L/ £D0L7i_J<5/7®L>, f5(L£)(oL]LD 
(o)< 5 / 7 /_/ 7631 L/ 6 l 5 )z_ a_/ 7 / 7 UJ 6 iy L/S )3535 0631/DSU/735 



ssrrmgj. srssrGsn, a^sbeSliuLb ^{flaLDrra sshm^i. 
(gsmQp ^)00<95syr i£la GlLDgisurra 
rs< 3 i(§Li(Surr^iLb 3 t<s<s)ld tsjirjjfihu iSissi&piLD ffrjrra 
g)(U/5>0ii). 


3-iurj s-rBatiaSlGo&ayGsxsrr^ 3,rtrhiaisijLb 
uuj6xru($)££Gi]Lb Lfilad(§6r)jDr5& sy^siy ssb 
a_/7/7ujsiy/_<sOT ^)<snsu Q&iLnsvuQdlsiriDstST. (Sldsvild 
^jsujDSTip iSlad (§6r>tD[5& Qurtq^^luSlsb (tolerance) 
giurrffluupmsv LSlad, gjsbeShuLDrtm 
G>GiJ6tn<5vatgnjd(§ sjropsnsn. ld<st>/tu5)l 1/_ stpsu 
gsm® (dlqijarrsiPsflujrTaGiiLb (§sm(i))£ Q^tr^^l 

LDGV)IJGfil< 5 V 6 tn<SVUjrT&Gl]Lb (nut) Q 3 UJSVUGSTtoGST. 


urraih r£ljjGOrrdg>ih (Partprogramming) 

&QuJ& £|)uJ/b6>)/7<5<S31;5 UJ<950SU<5/D0 [BrTLD 

GU Lp IhJ (3j LD 3 >lLl _ G5)Gtrd) Q^tT^^lGTIUJ UnaLD 

rflrjGvrrdaLD Gissiiry Q&msvdlQjDrTLb. urra^dim 

gul^gugSIiusv (part geometry), QsitLlQs/rlsmu 
/5<95/7<?><5<95 (fl)<95/7®<*0LD ^GtnGmam, (oIsul® 

(Ssi I&LD (Cuttingspeed), smlLi—LD (feed), SrLpsd 
SrtdgpLD S316F, QgUUULD £GtPsfld(§LD (ft [JGlj£G$)&> 
3Mjfjr)d> Q^tTi—di(^^<sv, filrrydj^sv Gunmen 



§]G$)smu usttflash ^ShusujDsnjDd 
Q « rremis^ 0 d (gj ld. 


pesr/fil qash (Acknowledgements) 

• G)S}&&}UL$iq-lU[T g,ll($\G$)[J3it§n)Lb 
ui—tmaiiQfffLb 

• &>G\uj&> &j(rj)GiJGb ui—Lb: Gefrorene 

Wand — Pixabay—CCO Creative Commons 
license 


10. <s(o)tt7« aes)!—#®) ^jiurB^IULD 
(CNC Lathe) 


asmi _ a si) ^ujp^irjLb usmsfl uQurrQpsm sn 

ajpeSluSlsb l3lsj.£s§j OLpforrjjSiifopi. paqpLb 
Qsuu.(^snfl Qsuu-®supiD(8) usmsfluQusTQpsmsfr 
^ smi radlpai. $]pp sulsj.su s6hus61 sir arrrjsmLDsra, 
sjprrsupi spqjj ^jdsmad app! fFLDaffsjnasLjLh 
ajpeSluSlsir lS]lsj.ulS]uS1sv LSlLsj-dasijLb On.Lsj.iu 
urrarhia^rpdfO) asmi—osi) ^jujp^irjLb dlpppgi. 



aQiuai a<5tni—&<sv ^jiurB^lpib 

aGtstflssfl ersm&PsflLD sC-QuuniJ-di) (Computer 
Numerically Controlled) siipS) rjthi&G$)6n&> ^lSIl^Isv 
s 0 < s < sld / 735<95 aQiuai ot / s^/jld ’srmtQ] a^psomb. 

aQiuai &>(o$)l _ a<sv ^lurs^pihiam uso 

jT>Gir<ss)LD&>GS)<stT3> Qanrsmtj)) su(rjj&lmrr)m. spQij 
una£5&,jd(§ <sjfdji)Gijrrrrp ^gujdgvid <otsfT)a,na, 




^srsnuda LD/DguLD ^jiuda (LpigiLi ld. LEiad (ggpQuj 
Qurrgp^luSlsv giduaLurra^ ^iq^tbu^ ^Iq^ldu 
(repeatable) S-ipu^^l Q&iuuj sjfOfo&nsu. ^aGsu 
^LDLDtT^lfl Q^tTL^hsVJ^ILiu (LpskGmrpg)thl&SfT 
anrjsmLDrra, aQiua astsn—asv ^lurB^lpdiash 
LSiasipd urrfjLbufilujLDfT&Lj u uj sir u ($) u u ® ld 

usvSrLpoSJ (multi-spindle) 2 _roud,§(id assu_&6b 
^)uj/5^)/7/5j<*syf)<53r ^)(_<s^)su s&ssrrj surra LurrrprSl 
suQtj&rmrDm. 

aQiua LDjDguLD euifidanmesr aemi—aev 
^lursSjlrTiiiaiQijdSlsini—Giu GsujQjurr® 

suLpdaLDrrsrsr as<su—asb ^ujg^ip^^isb spsuQsurr(§ 
urratgptb Qaiiuu GsustnsodSirn gn ishsir Qurrrfil 
(g^ujdarj (SjSsdsu. aQiua <^ujr 5 $£irj£d)eb rflrjsv 
ST(Lgd) spqt) ^tg)ss)LDUjrrm QprrLfilsvjjjjLLu susvsvirnrf 
(Lp&)<sv urratb a,ujnifl£a ) i ^lii siy 
Qaiiigi gtunrjrrdrQsunrj. i3s$rs$rij 

^LpsvuQurT(§sT>srr sgrprSi ^ujg^ip^ssia, spt-Liq. 
urrarhiasrusn ^uisiy Qaiiuu LSlasytb £ 5 )psmLDiLisrrsn 
Qurrrfil £g )rudarj G^smsuuSlsvsmsv. 



6^0 6i5)<s<s|5)®l> &>Quj&> ^uj^^irjib sp(§ 
6ULp<95<95LDf7<s3r (^ujr 5 d)[j£G$)&, si5 )l_ dldasv 
(& ) s$)rDGurrm& ) ]. ST(/j)<50/<s<95fn_!_z_/T<s, sussxsnsij3ysb 
Q^LUGUgi aGhua ^lu^^irj^^isb STsyfts/T&srg/. 
GjQmmrDrrsb aststflstsfl ^ss)m^§] ^lutm&GSxsmLiLb 
spQrj (Srsu^^lsv §]sbsShud)§iisiT rsarj&giLb. 

Guipd&Lbnm aGtni—&6v ^lurBddrjpgidGtan 
^LDLimfdlrfl G>GV6S>6vd@ spqjj 3)is$)Gts$rd3iQjjaS} 
(accessory) (%&>GS)Gmju(j)\Lb. 

suLpdaLDrrm ansni—^sb ^ujrB^irj^^isv epGuQsijrTQjj 
cgysrrsiy ldssi rjiLj ld gusni—iu, pmo (Lpmmij 
urrij^giCSumsv, <SrLp<s61d(^LD 6)l(iT)(3aiDffld(§Lb 

£D®nz_(3ujuysrrsyr pfiiurrm G> su<® si5)ffl<s<5S3i<s<s 
(3<s/7/B(o)^®<*<*(3sysw(5)LD. 

<S0/5^f77D(5ufT<su usbs6lss)sm3yss)sn lditidid 

(Ssusmt^iLD. &Quj& ayssx—^sb gg]turE5>lrT&d>lG><svrT 
rflrjGSxsv ldlIQld LDrrrorSlmisb (Suit^ild. 

s>es)i—&eb ^mrs^rr ^d&aeh 

srsfiliu &>Ghu& (CNC) astni—&<sv ^ujrB^ipmi&sb 
^ijsssr® <s>ld&r <g)ujr5G>irjih]g,6b. X LDrorryLb Z ^<95 2 
tSUdar&sb lS§i rflrjsv aaLQuunL-i^m dLp 


(o) SUL.® Sift <S5)(U /5<95/7<$£i/SU<5/D<S/7W §il/D <S31<5OT<95 

(o)<95fT<53Srtf 0<®0LD. Y- ^dffr dUstM-lUngl. 



asDLffsi) ^jiurs^lrjf tSU&Srasb 

Z <oTssru§] SrLfxoSl LDfDtryLb iShsj-uiSl ^ddlsxr 
$dlsm&u51<sv (Sfsfiujsv ^ludancrr^Lb. ^rsg> 
^ludaab uGmfluQurTqfysfilm$6fT£GS)&>d 






<95L.(J)/ji_f(5) ; s^/ffl/D^/. ^pnrsu^i ^q^dsnai 
(saddle) [BaqjjLD ^l&n^&muppmsir Z ^dar <oT<sirpj 
Q&msv&lGprTLb. 

X tSU&ar <ormu§] Z Q^rm^pprrai ^s^ipd 

(^pjd(Sai QsulZ^ld ^ludamb. £§)/6;5 ^jiudamb 
uGtsrfluQurTQjjisfilm 6 i 5 )l_!_z_<s<s 3 i< 5 <s 
ayL-QuuQp&j&lrD&j. ^pmsijgi (§pjd(§ rsssrjpGS 
(cross slide) /5<S0i£> £5) G$)&G<s)Ujp <5 ntmX^dfh sissipj 
QffrrsbdlQpnLC). 

sjgst Y (Spesxsu? 

Y tSyd&r ^shsonoShdurrsb fiiEiam <sp(nj 2_0®r>6)T 
urts,d)S)isir (SldjduuulSIsv ^rrddij (radial) 
{fjssxsrransb ldlZQQld (Sum _ (tpupuyLo. s^0 
a_0<sT>s)T urrapGSsb ^id&r smmuLD s uL^liurrai 

<s>isbsorTLDsb gjssxsn (Sum _ (Lpiu/rjd) Q&iiigj 
urrqijrEiam. a_0<5DOT urrapdSm (SwjDurjULShsv 
^LDLDrrSSrfl ^rjddij ^sbsorrp gjsnmQurrQipsb, 

&mif. QgulLQpgv (Sunmp STrsp 
Q&iLKsvumZstnuiLiLD fiiiiam Q&iliuj 
®S) qj)Lbi 3 mrTsb <^<5/00 Y^dfr (Sp&nsnuuQiLD. 



(aLDGgjLD a fiWI srsfliurrsv Qpmtr}] ^daas(rl guild <sp(3rj 
(3r5!j£G)l<sv drjrrs, swlLi—Ld QarrQda (Lpip-iLjLb. 
^aCSsu dldaGvrrm suisj.surhiasmsrriLiLb 
GsulLi—gviud. 

a_afl QarTLfrjih (Tool Turret) 

srs/rhu asrsu _ &gv ^]iurB^lr 7 rEiash sp(§ ssfiluSlsb 

(Ssustdgv QaiudlsirjDsrsr. (SsusmGvd^ <3 surry 

s^0 a_syf) lditjdjd (SsusmG^QLDsirrDrrGV ^sru^d 
aLpjDffihu t3sir ld/d/d<sd<s sjfdfoQsusm (J) ld . (SrsrjLD 

sdsmrr^d LDirjtryd s-pjprosit (gsm/DiL/d. 

^aGSsu r 5 rrm(&) ssiflasrr sjrorod 6fo.ii/_uj siSsai/rsiy 
Lonrorosb ssifludii—d (Quick Change Tool Post) 
urjsuGurrau uuusiruQ\^a > uu(^\S\rr)a ) i. aQiua 
asrsu—&GV ^jiurB^lrj'diasiflGV Qurrapsurra a_sy fl 
(SarrLirjLD uiusiruQ^uuQdliDgj. dlrfihu aQiua 
asmi—asv ^jiurB^lrj'rEiasiflsv 4 (ip&>eb 8 ssrflasrr 
susmpu Qurr(rt)£&> G^ilksvild. Qurjhu aQiua 
asru—asb ^lursSilrTrEias/rlGV 12 ^svsvgj ^£sjrj(§ 

( Dld/dulLl _ ssiflasrusniLiLi) Qurrq^^o, G^iu<svid. 
£§)f/j <5 ssifl (3<s/n_//jXD aQiua rfirjeb 
adi—Grusnasiflsiruisj. aLpsirr^j 



C36U<S316D<950<5 (S<56316U UJ1SSI 2_6lf)631 ILI QsulIQ) 
£§)/_<50/<950<95 (o)<5f7633r(J) 6U0LD. 



2_6lfi (3<Sfn_//7l£> 

rssiritfl QpfiaShjqaerr (Acknowledgements) 


Sl5)<® ffl U lllS). UJ n <95 L (J) (S3) (735 (OTj LD 
UI—lhiaO^LD 

aiQiuai &Gts)t—a : sb ^lurB^irjib ui—LD 
(Licensed under CC-BY-NC-SA) 

2-<Slfl < 3 < 95/7 UVLD 



11. aQiua g/0av®D 

(CNC Milling Machine) 


Q&IEI(9j£&il£ g/0Si/6O @jlUp§IIJl& 

Q&[E](§£B§1£5 §i(rjjGiJGb ^jiurs^lrr^^lev X, Y ld/dtulci 
Z ^<95 ^Lpssrru tSU&arasb a_air@. aQiLia sr^^irjib 
670/6Uf7<95 &lffhfh3>n&JILD Z arLpsSluSlm 

tSH&arL-Gm su0ld. ^aGtsu Q&ihi(§£§i£ §](rjjGU<ob 
^jiurB^Irr^^lsv Z GSldgvilL &(LgLima& 
Q&<svG£iLb. fiihiam (Lpm rfilsmion'isv 

6ULp<95<95LDf735X c g>/<j<» ^)/_LDSUSULDf7<95<j Q&<5VG£IL£>, Y 
tSH&ar fLOSSISmiLD LSssrgn/LDfT&j Q&6VGVILD. 

^luihias/rlGvr (flsin&Gmu ssufl QgulIQld §>lGtn&Gmu 
<sjr>su<s(S<s Q&nsb&lGrDfTLD. rfltjsflsv rsmb X<sn&&r 
^jjGwsm QarrQ^msv ssifl susv^ilijdld rsarjrBgl 
QgulLi _ (Ssusmt^iLD. a^q^Gusb ^lu^^irj^^isb ss/rl 
rBarjrrgi. ^aGtsu sr^^ttj (3ld<s5)z_ ^< 5 ;d( gj sr^irjtrai 
^s,nsui^] $}l—3)l LjtDLD /5<950LD. (S/5fTLD<531/D 
S7SOT/T )msv <s>i§]£E>nm ^jnrrrflssxsv (default) is^mu^rrsv 
"+” 0fl5)ttf(J) Q&>G$)<SmiSlebGS)GO. <oT§hrjLD<5V)fD 


CTSOT/D/Tsi) (S<5<ST>SU. CT/5^)/7 (Sld<STI(_ 

SUSCOJ Ljp)Lb /5<950LD. 

^LDLDrrSdfl ^LpmiQ] ^aaasrr Qarnsmi— 

Q&rhi(§£gi£ ajq^susb ^uj^^irj^^isb rsmi) 
usisrfluQurTqjjisfilm (Sldjdlubld Q&rai (9j<5<5/r<35 
ajssxsn Guni—eorTLD, amq. QglilLi— scrub ldjb^jld 
(L pa^GS)#, &ld&) suTLDrra QsuLhscmi. ssifluSlsir 
^aa Qarhi(a ) ^a,rTa < 3sua > msii £|)0< s 0 ld . 












§i(n jsusu ^jiu^ijih 

&)<5tni—LDLLi—£5 §l(f^snsb ^uj^^irj^^lsb SripeSl 
®<Sy>/_LDL_!_Z_LDf7<95 ^)0<S0LD. 3rLf>sSluSlm 
tSU&art—Qm ^)0<®0ld ^)uj<®<g5<5^)<5OT = gi/<j* 
toTLlQurTQgglLb Z- ^4 Sr S7S3/L/0/ (0/n_/<95LD 
^)0<®<*L.®LD. /§ rhl <95 m ® ST)l—LD /_!_/_<5 Sjq^SU 6U 
^jiurB^lrr^^lsir (Lpm r^smjossv snipdaoDnai X^ssr 
^)/_LDSUSULDf7<95<j QsSVSVILD. Y (SLDSVILD 

S(7£LDf735<j Q&GVGVILD. 



®<5D/_LDL./_<5 d£/06U6U ^ffSransb 


&Lpeb <9t&m&6fT 

^ju(Sunr^i, [fjfTLD rsrrsiran gu&j ^4 aw4 Q&p^neb, 
<9 Qurr&rfsurrai ^)(_LDSUsua>f7<g5<j Q&gvgvild X 

r9l4s$)3 : SVHDlLILDrTa 6V)Gil 4>&,l4 &Lp<5VILD. CTfiwCSsU 
rBLDgj usvsfluQurTQjjsiiflsir (ipm ldjd^jld 



LS<swL//D/5)<*6yfi<a> sjssxsnansb (SurrisvrTLb w/DgyLb 
amgam (o)si/l./_su/7ld. ^jrsp Sripsb ^dstn&A 
^31 if St trrssirry QsmsvdlCSjDm-b. ui—£$<sv a_ srrsrr 
Q&[£](&)£&)]£ 65/06U6U ^ujg^irj^^isb ct/5^)/t 
G>LD6tni—X<3]&Gtn& ssuDiLiLDira ss)su^§] 
^Lp<svd<9m.Lgiu^i GTssrustnpd suTsmswrui. 




&rLpSV 




















^(SpGtumsv <oTf5&>l[j (Sldssii_u51sst sulLi _ /g® 
urr&LD Z tSH&ss)# smmuLDrTa ss)su^§] 
<SrLp<Svd<Sm.Lj.UJ^I. £jj)<S31<s(Suj C <SH&<9t SJGSttQ] 
Q&neb&lGrDfTLD. 

peirrfil QjsffiaSJu li a err (Acknowledgements) 

• East Tennessee State University 
aulQ\GS)rjai<^Lb ui—tiiai^LD 


12. &Quj& rflij<sorT&&Lh (CNC 

Programming) 


aswsflssf) ersssrsstsfl ld aLlQuuml® (Computer 
Numerically Controlled) t5td,S)rifhi&GS)6nd> (5l£Il£1gv 
< 3io 0 o(§uQuiLJ[TITa &Qiua<sr^^ipth]3y<sb OT&sr/p/ 

a^fosontb. assists?! aaLQuunLLuf.<st> ldijGgijgvxsv 
si iLftldQ&uj<s61 (Woodworking Router), lSIgstld 
QsulLisu (Plasma Cutting), dQpmstfl QgulLisv 
(L aser Cutting), Q&gtfd&sv (Engraving), 

UfdfO&s)sad,p,si) (Welding) Gurrssifo use 
GTf5fi>l[Jth]3iG$)6tr ^ludasvtTLD. 

^jd<3nG(^)ssipuSlsv aQliua aGtU—&<sv (Q)iud®iJLb 
(CNCLathe) Lop^iLb &Qiua sumsusv ^iud®QrLC> 
(CNC Milling machine) ^dhusunii^sv (Lp d Shu ld trad 
asusmi) Q&svid&idlGrntTLb. aQujai (CNC) sid®l 
^iLQ.uu&Di—3,<sh unonS) ^d<s,d aLiCDstmuSlsb 

ansmsv mi). LDfOfo ^]iurB^lps6hu<sv ^iipuustii—d 
aiGO^sinpasiiflstT ^stismuLi^snend dGtp 









arrsmsvrTLb. &Gtsu—3 : eb ^lu^^irr^^isb 
usvsfluQurTQTjm ^LpsvSljo^i, ssiflsmu 
/5<*/7^^y®(S/Df7‘t£). LD/77D/T<95 §J(f^SUsb ^]UJ 
a_syf) <9rLp<SvSljD^I USVsfluQuiTQTjGtSVSIT 
r5arj&&,i&>l(j>iDrTLb. (Hldsi^ld &G<su—3 : sb 
^iur55)l!j£6)l<sv Qun&jGurrai spjD&njD (tpssxssr 
3-<sfila>G5)6fTU uiumuQi^gjSlQpmb. umrorra 
§](f^susb ^jiurB^Itj^^lsv usb(ipss)m ssfil&Gsxsnu 
uiumuQi^gj^Qromb. 

u6vsfluQurT(rij(Qnjd(§ ST^itjtrai Qgul1®6ii?I / 5 « 0 ld 
unG$)&,Gts)UJiLiLb (Ssua^s^i^iL/Lb (Lpd&huLDrrad 
aQiusi riltjsv aLlQuuQpgjdl/Dgi. ^aQsu rsmi 
piurrflda si5)0ldl/ld spsuQsutr(§ una^&jdt&fLb 
cgi/jS/rjCSa/rj/D aGhua r§Jtrsv (H^smsii. ^ayQsu £§)/5;5 
rflrjsv <oT(Lg&,]Gi]G$)&> urra rflrjsundaiLb (Part 
Programming) snsirtr^LD Q&nsvdiljDrTrf&srr. 

aQiua rglrjeb ^Uf.uuas)L-.u U(§§)aen 

aQiuai (oTtsd)[fd>&)ld(3j rfftjsv <oT(L£>& 
(SsusmQijmmmsv firdam rstrsir^ ^Lpuus^ii—u 
u(&)§)&<s/rl<sv a,GumLD Qaevida (Ssusmt^ni. 

(Lp^sSlsv GTti)d>irjd)d)iGii (Lpddhu urt&rhi&yisb 



2 _/ 59 < 95 ( 6 Oj <950 / BSSTjDfT <955 Q^tfllU G>GlJ 6 m($)LD. 
^)/T®ssn_(T 6 U 0 y =37/55 sr^^irjLD / 5 < 950 ld £5) £ 5 /#<95 sir 
=375/75195/ ^lurhiam a_/5/<95(6/3 <950 &rjmLDrTau l jifhu 
(Severn® ld. QpsirfDrTGijgj =3755 57/5^)55^)51/ 

£§)0<9507£> 5/£5/£557<95 <9506l5)<956/T UJDffilg Q^fltEgl 

Qff,nshssi (Ssusm(^L£>. rstresrarreij^i =3755 
57/5^)55^)51/ rflrjGvrrdaLD Q^iuujdam.i^uj uststflam 

UJOJ^lL/LD ^37 619/7)/p/<950 5751/519/7/71/ /#5<S0 67(7£>0/5190/ 
67557/71/7£> QamSUm (SeiLSm®LD. 

G rfirrepidarresr 55/^)55/50 

aiQiuai rffrrsv <oT(L£>^i ld QLDrTLfismuu Qurrgjeurra G 
rfjlrrsv 57557/71/ Q^tTevSlCSjorni). rsmi) piurriflda 
si 5 )0Ld/_/ld /_//7<955^)s57 51977.51/555/5 (Geometry) £§)/55 
/#5<so rfftjsmujLb Q&iu<su&>neb £g )uQuiutj 51/555/ 
57557/71/ QsnsbS!ifo nijsh si/. G dlrrsyidanasT gjtrrflesxso 
ISO 6983 LDjDgULD RS -274 47 ,Si ( 7 / sujofOi si) friSi^d 
(^jr^ULSli—uuLl(^<shm^i. aGhua 575^)55 

5(79/7/f)7j/_//7S17/7<95 577 SlpSsV LD[Tri)p)th]ai<sb 
Q&lLlGUpmSV =3755 575^)55^)557 £51 <95<3(T9®<956516/777 
l3mUfDtr}]Gu(S&> S ft) [Bit, 5197^). 57S5//g}/ LD $[jeb 

GT(Lg&>d ajDirud QamsrrtgnjLbGiurTgi 5 jrihss) so uu 77. 



tST(Lg&>Gomb. {frLpsS'itfsnuii) #jeud(^en#j, 

Qeuuu ^jofOi&y ujd, #jeud(#)en#j, rffpi^^ieu^i 
(Sunesrp G>eues)<sv#tgnjd#nesr r£lrjsbamM 
toTQgpSjsv Qg,rTi—rh](&)Lb. ssiflesnu ^#tj^§ieu#j 
poSlri $]&!J (Miscellaneous) (Seuesxsv#i^d(^u 
u at esru® subnet) £g )uQuiup eurs^^i eresrpj SdUsvrj 
Q&msvdl/Drrrjam. ^lurstslp (Machine) 
G>eites><sv#tgnjd(§u uiuesruQeijpmsv £g )uQuiurf 
su(5g>§l ’srmpi CSeugu dUsvrf Q#neb Slipnr}#,err. 

<^tu (LpesipesiLDash (coordinate systems) 

#Quj# ^)uj/B^)/7/5j<*syf)su fgfjr.rem($) u5)<ssiy ld 
Qungieunesr <s>id# eues>##srr ssnenesr. epesrpj 
(UrsQumh—U urts$)&> (linear) Lcpp#j si/ lll) 
urrG$)&, (rotary). £g) euppjd Q#p u 
uiueiiuQ\^#,ijuQ\Lb (g^pem® L£]#eyLb 

Qungieunesr <3iesiLDULi#m Q#eijeu# ^ebevgj 

#n}SnnSium ^SHjUJ (LpesipesiLD (rectangular or 
Cartesian coordinate system) LDpjpjLD {FrfQtjGU (polar) 
^uj (LpesipesuD ^(^ld. QsuLLQLbQun#)] a_syfl 
(olffljL.® (Seu#uuLSj. QLD^ieun#^nesr [B#(§Lb. 

^esrrnsv ssiflesuu (o)su/J.z_<s (ohs/rL/aigjLD 



£§)i_<S65/<*0 sfilmpsurra rBarj^svmi). 

GrsGlrrniq. (linear), 6ull su isj.su ld (circular) ld/diqild 
sfilmpsij (rapid) pysmiru £g )ujda su&s) a a sir 
s-sbsnssr. GlLDLlfld ^jsrrsnsu (LpstftrouSlsb LSddlgp 
s:rjojDLD (smallest increment) 0.001 lElE ^(ftjdasumb. 
aLpspiLD ^ludji^id^ Lfiddlgp sjfdfo ld 0.001 urrsoa 

£|)0<s <95 SU/TLD. 

t^d&Uuu qsirsifl (zero point) 

aQiua ^jiurB^lpdiasiiflsv QsuE.(fi)s/rl srsususrrsij 
[Bap(Ssusm(^QLDsirp aLii—msrramsrrspQ^ 
095)ul5)l./_ ^)/_<s^)ia5)0/5(S^ Q&>rTt—th](& ) < 3surTLb. 
^aCSsu £|)<5/D0 rffrrsv Qprri—dau LjsrrsE (program 
origin) srssrtrp Quturj. £§)/5<5 ^)(_<s^)su ^ludiash 
ujnrsijLb L^ddhuid STssrua,rrsb <^s$)&,u L^ddhuu 
LjsbsE srsirgpLb Qarrsvdlprrrjasrr. {q)£>Igv ^psm® 

GU(5fi)&><9i(on Q—GtTGYTGfir. 

(Lp&>sb sum if, r§ m so iu rrmi us ld (fixed zero), 

^j^lsv L^ddhuu LjsrrsE <s>]svsv§j Qprri—dau 
Ljsbsfi} sruCSurr^iLD srrB^lp^^lsv spqrj (§jt51ul3lLl- 
^]i—^^lsv ^>jmLDrB^I(§d(£^Lb. Qunajsurra 
srrs^lp (SLD<S 31 <J<S<5sy 7 < 5 ^)sot Q&>sir <3 ldid(§ 



^LpSUSVllSlsV tSy^rTGUg] £g)z —3J SS)3U udaLD l&Lfi 
^LpS^ISVuSlsV ^S^lLD[B^I(§d(^Lb. ^)^<s ^)z_<5®n<5 
^a.rrrjLurra <sn su^Qa, QsuLbQsifluSlesT (^i—ihiasrr 
luneyLD QarrQdauuQLb. ^psmi—rni) susna 
u5)<s<*0Ld L^dffhuLD (floating zero), sr^^irj 
G>LD6r>&££m£$£l<sv srrs^Qs u/T 0 sua^liurrssr 

ST^^Irj^SS)3, UJ<950L/SU/T L^dffku U 

z_/syrsifl <sd uj = gy®r>LD<s6y <95 Qaisnsnsvab. £|)/ 5<5 
u 5 )<s< 950 ld L^ddhuu Li<srrs/rl su sua^rrsir ^joGurr^i 
upsusvrrau uujmuQ\^uu(^\S\p)§ ) i. 

(LpqgGuerrGii (yremro (absolute mode) 

(Lp(L£> GUSYTSiy (LfiS^I/DuSlsV <S>165)6St&3)l 
^ludsumsu^darrm (yri^siiu LishsiflasusniL/Lb 
rfjlrrei) L^ddhuu Lisns/rhiSlsSlQ^rs^i Qait^uQurrib. 

Qurrgjsurra 2 -<s(rl ^jiudaLD aLLisusrrai^d(^ 
^j/ru^lu Lisnsiflasnsrrd (3)fSlui3Q\su3,ri)3irrm 
d)pr53> LDforryLD srsufl^rrm suLfl(yrssr id lurr^ib. 

(LpQgsusrrsii (yrsujouSlsv <sh snsijasb 
QarrQuusngiLiLb ^(/J^susvrsiy (yrsujDuSlsv 

<31 6V76iy<956)T (fl)<95/7(J) UUSS)3,IL!LD £|) UUI—IEiaSlflSV 

<spui3i—scrub. 




(Lp(ipsi/<syrsi/ (LptsmjD 


&n.($)&,£DGfreii (Lpemjo (relative mode) 

^©.ssusiTsiy (LpstnrouSleb ^ssxssr^^] 
^ludaiEiatQtydamssT (Lpisj-Gy /_/ ertstfl <*®n sniL/Lb 
ssftuSlm &,rr)QurTG$)&,uj ^]L<s^)aS)0/6^/ 
QarrQuGiurTLL, rflrjsv L^ddliuu Lishs/rluSl&SlQ^rB^i 
<s>i<sv6v. dlsv Q^rjimansdlsb rra 






























£|)0<950ld. ^ssmsb i3tj&§\G$)ssiujnm&)]. 
tsjQmstsFlsb (Lp(LgGU6fTGy (LpsnjDuSlsv, fipeSlm <5pqj) 
&LLi—G$)6iruSlGb &,Gutr}j tsjrDUL^t—rrsb, spQrj <spqjj 
^ILldaLD LDLi($\Lb&,rTm &>GUrD[TGtST&>[T3i ^(fT)d(&)LD. 
$}&JD(8) LD/77D/735, On.Q)^<SVSnS^ (LpS^IJDuSlsV S£0 

<56u/ry sj/ouLl^rrev, i3m si/0ld ^ss)ssr^§i 

^]iudaniiaa^LD a,snpn:m^[Ta, i5)®ld. 



rflrrsv <orQ\^§]dainL-<^\ai<sb 

ago t,su<sv <^]ujd®ijda,idans!sr G rfiueb LDtritnii-bM 

[firT6Vida[T®ST (a^d)]uua > s£]d &na(Siu(h) <sg<SOT<sr>/p 

anrsmsymb. 


G rfffrsv <oT(])\d) 8 )jd&>[TLL(])\&>(ofr: 























• GOO sSlstnrjrBgl (^jt^ul3 ^)l<s^)su 
/£)/ ry<S 65 /< 5 <su (Rapidpositioning). 

• G01 (StBtjhusv ^stni—dasvsfluLi: 

(UrsrjGamLi^sb QgiilLQld (Surrgj 
swLii—ggidarrGisr l£]&gi]lc> Qun&jGurtm 
rflrrev. l/ sot/7 ul/ LSlsxrQurrrfil (Servo Motor) 
tSdebso&j ULSj-rSlGtsvsv L£imQurtt$l (Stepper 
Motor) (SUL^hurra (§sm(j))£G)l(iJjGtna (ball 
screw) stsitsusftsij ^l(§uu<3siJsm(^QLDsirp 
(Harnsm Qsnaitmaissxsnd « smd £)(£)ffl ©§!■ 

• G02 <oU lLl _ ^stni—datsssfluLi: 

(3t5!j(])&>ni _ n&> <s>i<5V<svrTLD<sv 

si/l1/_si//ij.su ; 5^)su GUGvd & t/DfDrra 
G^stni—uKsvimm LjGbsfii&Gisxsfrd asvsflpgj 
S-GtflsmU f5&>[jd>8)lS>)7)8)1. 

rflrjsv GTQpgidamlQam: 

• M03 8rLp<s61s^nu su svdarfOfO n^d, 

<3)1 GU <3i (&)&> SU. 

• M04 3tLps61ss)iu z_ d-Srfdfo na d, 

<3)1 Gil 3i (&)&) SU. 



MO8 &)l[j6u Qsuuu 

(oil 3> (&)&) 



13. f£lprb& QP<S0 <3 >GHu<3} 
urTeuesiesnurrdSlsefr (CNC 
Simulators) 

Sresr uneuemesriurTdSi&esxsnu utueiru($\$& 
QeuemQ]ih? 

aQiua iff ijgv rrd &ld (CNCProgramming) urps^iu 

^LSLuuGtni—aGtsvsrr (tjiihGts)3)Uj suLlidis^iijuSlsv 

amsmsvrud. q^)<s/7<95 rflrrev uuSlsvCSsurrrjprEiasrr 
rfffrssisv spidi^u urrrjdai spq^ STsyfl<s/7<53r sul£I 
(S<5S5isu. <sQu_/<s toTrs^pihiam sfilsmtsv a_(u/7^®nsu. 
(3ld6£jlL 3-/DU£B$d(§u uiumu<^\Lb 
torrstdlpdiaerflstr <5 s tfsmLSj-da 

(Ssusmuj.iu^lisvs^i'sv. 

^imiusucLpsbsfT rSlpsorrmijaisba^L- aGhua 
$[jGond3i£$<sb Lfilau Qu(§ld ’STssrssr 

GJS5iu§] urojSld asumib smsuda Gsusm(^)Lb. 
fidiam rflrjsfiltsv aLLissxsfr&GSxsnd aststflstsfl 

asmsmsm ^Lpi^dQansmQ} ^ uuls).(Suj Q&ujilild 
toTsirugj 3-iEia(gnjd(§£ Q^rflrB^gi^rTsir. 
uGtsrfhjQunqjjsfilm lS&j Q^snsniurrm QglilI® 





^LpLD (SDSUjS^/ a_Syf)(SDUJ /5<95/j<5|5)<S3777 SV 

a_Gsu/7<g5<s®n<5 QgiilLQld. ^gipmsir rsmb 
toT$ZlrjurT[jd(§Lb siSsnsyrsiy. urn/orra rs/rid 

&>GurSl astflsmu ^jiu / 5 ^)/ 7 ^^)<sw unanmansfiim (Sldsv 
rB&rj&d^Gisrneb ^gysaisu (S^LD&nmyLD. 
ssifliL/LD s-Gtni—rsgi Q&>rfild(3)Lb. £|)lolo/7|5)/J5 
si 5 ) u < s < 531<5 GldiT^sv (collision) sissiiry 

Q&rnsv ffl( 3 /d mb. $][5& GLDrT&>sb&>nm aGhua 

rflpsvrrdagtdlGV l£]&u Quq^ld £|)i_/j. £)<su 
(3/5/775i <* syflsL) rBmb ssiflsmu sidi'irjunrrrra, 

(^ujr56)l[j urrarEiasiflsir ^QTj&)<5V Qarreissr® 

Q&<SV<SVdan.(i))Lb. ^)LD(tp<ST»/D (3LD/7<5SU ^,<95SlS)<SU<S31<SU 

STmnnsoiLb ^§iGurrsb LDuSl$\ss)Lf>uSlsb &,ui3mrTeb 
(near-miss) [BLd aessfluiSlsb sjGs,rr^eu^j S-Srrmgj 
srsiru^i rfld&iLui). (Lpstn/o Gi£>rT&>eb rfl&Lpd 

6 fo.(J)LD. ^)LDLD/T^)/f) (3LD/7<5QL><95<ST>6yTUyLD 
GLDrT9,da^u\.uj rflswsvaswsmLiLb 9,aS]ijdai aGhua 
urrGustnsmunfddlam QuflgjLD a_<ssiy ®<sot roe® . 

/5/7LD toTQggiLD G rSirjeb stsstsst QsiuQfoQv)ssitry 
S-l—SSr l3ms$)lTLLi—Lb ffl<Sy>/_<5<5/76U<5/7&SJ' /5LDLD/76U 
6l5)®n/J61J/T<95<95 <95/D/p/<95 (o)<95/76y7OT (ipUf-lL/LD. GLDSVILD 
fipeSlsb LDrTfDfDii]&<sn Q&iug,rTsb <ormm /5(_<*0ld 



(oTmgy Q&tftlrs&ti Qatrmms^Lb aQiua 

UtTSUSftlSftTUJtTddlam (oftTJJ^Uu (oft) LDILI [T&jfoftXoU. 

^ismiusu(U j ehsn r§ijsorrsntja(< stf,ld CTsi/susyrsiy 
Q^siflsutrad &6ftftfluLi G)&uj$(n)r5&,nGg]Lb 
a_srfl uurrsfti^sftnu snssirjui—LDrtau 
urrrjuugiCHumsv si5)®n/rsiy a flurrrfda,svidca, (quick 
sanity check) (Ssu/p/ dippa, sul^I Slsftii—iun^i. 

arrto^i QgulLQ^sv 

aQiua (oTts^lrrp^lQsvQiu usftftfluQua(§<sifl<s61(§rB^i 

s-iugLDtrsftr aL^luLierrsiiflsftnu sftisup^i 

ssufl STSs)a,iLjLb QslilLi—[tld<sv rffgsftxsv ldlLQld 
spLiigu u[rrjuu£jD(8) ‘'arrppj GlsmlQ^sv" srmp] 
an.pjdlpatfasrr. unra rffgsftxsv rff^LSlda spqj) 
suLfl. S)rrd, £ 5 )m QgrjLD aSsssra^Lb. ^ssrasb 

urrsusftisftnutTdSlastflsv Qptfhuap sntLgdasftxsmLjLb 
^jLDLDtT^lfl srg^irjp^isb (Stspiguj rra spLiigu 
urrtjpajd asm® i3igdasortLD. 

aQtua urTeuemGmurrdSlaeb sreiresr QaiiiSleirpesr? 

G rffgsftxsv spid-Lg usftftfluL/ sdlssiauQuarSlsmuniLD 
aLpsSlsftnuiLjLD aipppisapp^u u^Usvaa aQiua 



unGUG5)mujrT&&\3,<sb spqtj suss)[jaiss)sc amldlp 
Q&>n(3)L16<r>U 2_0<SU/7<950®6579)637. <S>i(5g> 

$[jg$)go spL-i^mrrsb aGhu& sr^^irjib tormm 

Q&lLHLjLD !oTmUG5)&,U UI—LDtTad <£/7L(J)®/£)5j/. £|)<95 

<95f7L.^)<5 Q^n(^uss)u ss/rl u u rrstnp (Backplot) 

GTstTgu Qurr^isurrad Q&msvdl/Dirrjam. 

rflrjsv Qprri—dau n<sb<s(tiuSlsb (program origin) 
spqjjmi&snGy&sb lurrsyLb srmu^rrsb 
LjSfi6ttid(3) SrLphu L/msufl (zeropoint) srmtryLb 
Quiup. Ul—£6)l<sv dlGlIUL/, U&GS)# LDJDgpLD /§6U 
[§}rr)^^isbairrLLi—uuLLQ\<sb<sftsis)suX, Y LDtDgpLD Z 
^d&tasrr. ^)<sdsi/ ^LpsmgpLb &r 5 d>ld(§Lb L/sirafl <5/7557 
&tl£]u L/syrsyf). 

s^0 tB<sv<sv aGhua urrGUGtnsmurrdd) a_/sj < 5 / 6)3 <950 
uiuss)i<sb<srr <5<56U6U<5677 usvsuirx^nptLiLb Q&msixsv 

( LpLSj.iLiLc>. €T<sv<svrrsuiDj!^tD(^Lb (ULCxsvrra, firdam 

GTtdlrjurrrjd^Lb urrs<s)^,uSlsb a_s ifl Q&svdlpprT 
srmu6S)&> ^dam-Ld)£ Q^rr^ustnuu urrrj^msv 

sp<3p UltjsS)SlJuSlsb 3-l—GST ( 0 )<9776U<SD<SU/7m /§ diam 

loT^ltjurTtj^^l^d^Lb u(§G)ld(§ QsusufKSiu 67/5<5 

aS)<sfTdaiijui—rT&> atTrjGmrhiatQnjdarraGijLb 



$ 12-Qrjmgu fsaijrB&rTsb ^es)^,d aGustfl^giu 
Lmqjjmiansb. dlsuuLid QanQ&sb ssftuSlm si5)®n/?siy 
£|) UJ<S<S<5651<5<95 <95/7L.(J)®<5OT/D®sr- £§)6516U dlGUU L/ 

/ £1jd£S>1<zv ^(fjjuugi sjQmstsfleb 
UGtsd)uQurTQJ)(§n)&(3)6b SlS]sS)[J^§l J^IS^lLpiud 
<5nJ_ n&)j. Qsusbssxsn ^sbsc§! udstn&d Q&nQ&sb 

S_Gli 2STL_Z_ Qsua^^lsv £|)uJ/e}06U651<5<95 

(^rSldS}mpm. 

fj^ememiu G rflijeb (Web G Code) 

^Gtnsmuj G rflrrev s^(§ 6)1 /d[ 5& ^psv aiQiuai 
uisnssxsisnurTdS}. £|)65)<5 /f/iiaisyr l/^)si5)/d<®® 

/£)/p/6l5)(j UILlGSTU($}£&,GO[JLD. 3)<Sar<5jr)/LD 6T6lf?<5/T<S 

(s£l®s)6muj<3>GrTd!3(s>Gv(l>uj umsiru(tidy ,gulp 


(LPULILILD. 






^<5m<smuj G rflrjsv 


£§)/_ji/L/ i /DLD ssbsn QulLl£).u51<sv G rglpesxsv ssrrsif® 
Q&uiiaji “Simulate” Qurr^rrssxssr <s>l(Lg£$G$rn<sb 
GUGVglLIJDLb 3-<sbstT QUlLlS).u 51<5V 2-SlflUUnG$)&>G$)UJ 
(LpUUlflLDITSm^^lSV <95/TL(/))LD. £§)/_-§1 

QutT^nssxssi Qamsrn® uj_<sjr>uj 

/5<95/T<s^)<sOTf7fflL) (LpuurflLDiTGm ssiflU u nsm^Gmu 
SrLprotSl^ Q&,G<nGi]ujrrm GatrsmiEiastflsv unrfda 
(LpL^iL/LD. (Sld&^ild StlIi^uSIsst pdarj^stn^u 
L1UJ situ (S<5<ST>S17UJf7<53T c gi/S)TSiy<*0 

Qufl^trdasvtTLb. 





fffrj&Slsb ST/5<S(o) 617/70 <3<95/7L_t^_6^/LD fists)<5V 
&>[tlLls\-Sis)UJ (cursor) firrydjfissrnsv spqj) fiijsv 

Q&ujiLjLb (Ssusvsvsmu ut—^fisb apryry^d 

<3<95f77_f735<95 <3Sml(fi)LD. SU(L£) /§<*<* L/5)<S6iyLD 

suiffiiurr&sisy. 

QasQusniLu^das (CAMotics) 

2_L/6OT7(/j) 16.04 £g)<si> camotics 1.1.1 amd64.deb 
Gsarrusvuu u®aSUnd&Lb Q&iuG&ysir . iSlsirasTfj 
dLfidasmi— <sl_/_sd 677 (o)<*/7(/j)<56y firry s®(Sssrsir: 

S udo dpkg -i 

Downloads/camoticsl. 1.1_amd64.deb 

^stsmsv Q&iusfilsmud, gysuda (LpiujB®®^rrsv 
srQ^rr^ jidulL® fisirrys61(fiLi. 
i3rjd§\s$)m srsirstsrQsiJsiriry Qpfihusfilsvstnsv. 
(Lpsstmiud,fisir sysurda (LpiujD&l^Gsunr&y libv8 
stsot/d firjeb (o)<5/70uSDL/ syrorrysufisv i3rjd§lsts)m 
srssrrry Q^rfliusurs^^i. libv8 firjsb 

Q&.rrf&fU^m ^smsts)LDiu Qsus/rhtfiJ-svii—d 

dLfidasmi— <®l./_sdst7 QarT(fi®ffj firrysfiKHstsrsir: 




CAMotlcs 


Files 

compass, tpl 


Tool Table 

1:0.125x1inch Cylindrical 


Workpiece 

O Automatic 


9 Manual 

Dimension 
X 67.0000mm 
Y 90.0000mm 
Z 12.7000mm 


Offset 

-5.00mm 

-5.00mm 

-12.70mm 


Simulation View compass.tpl □ 

1 


var width 25 4 1.9 

2 


var length 70 25 

3 


var side 59 25 

4 


var depth 25 4 9 25 

5 

6 



7 

T 

function print point(point) { 

8 


printer point[G] ‘, point [1] )') 

9 


} 

ie 

n 



12 

r 

function print poly(poly) { 

13 


print('e) 

14 



15 

▼ 

for (var j 0 j < poly length j<*) { 

16 


if (J) printC . ) 

17 


print point(poly[j]); 

18 


> 

19 


26 


_nrintf *lln 1 \ •_ 





' Progress I 


sudo apt-get install libv8-dev 

(ijlpgid (3<s(3LDf77_!_t3_<®<s Q&iugSIgishu£ 

6U3><9j (LpLq_[fi3> §l . (SlV/5<9) 6^0 

(LpsxrLDrrSdfl .tpl GtarruL/ ui—^^lsv uapdaiscmb. 

(3a(3LDmlLq.d& r£lij<sv 

GlD/D<55(oWZ_ G>anLJ6ti)U U[T[J^[T<SV £g)/ 5 < 5 LV 

^(f^( 5 urrd(^LD. 






/ 


G>a(J>LDmlui-d& urrojisinmujndaGV 

(S«(Sld uiumuQ\^^i aGhua 
iST^^irjrmai^dairTm 3-^&& G ^rjsbassxsn fimiasb 
urrsuGtnmujrT&giGonLb ld/d/ti/ld 
®S}<5$)<srr<sij3iGtn6rr (LpuuflLDmsm^^lsv 
arTLLff)uu®££<svmL. eSlmdsr, s^sstsrQi—rrsr 
LDjDgULCi G>L£>d aGvsflGtsflas/rltsv Sdrorsp qP<so 
(SaCSLDfrL.^.** rflgusijisvmL. 

QaiQLDrfLLi^dsr Q&iliuj ^lueorrs, Qsnstnsoansb: 

• 5-^dsr unsnsnmujrrdaisv Q&tuuj 

^ILKSVFrgJ. 



<s<sy>i_<j<su 677 b|5)/7 urrGUGvmujrT&aisb Q&iliuj 
@]LUGvrrgj. 



14. <&(o)UJ<9i iSlGBTLDfTfDIQJU 
Qurrq^^tsb (CNCRetrofitting) 


rBirstr spqTj QsusnflrBrnl(^d(^ 

^GU&pLbrra iuu (SsusmLsi.uSl(§rB^^i. pasusv 
/_/frauds/n_i/_/<*<*/ 7 <s ^suijansb LSlmm^&sSlsb 
Quro^jd Qaimsbsu^isbssxso. Q^rrssxsc^aisSl 
^sbec§] GULpd&Lbrrm ^(sj^ai) (tpevuma^msir 

^GVUUU (LpLSj-lL/Lb. Q&,[TS$)G0[53iGSl (3&GWSU 

QuQ^rBaflsv STtm^Qw ^svgmsv. dlsv 
su0/_fE/<g5syrfr<g5(Ssu ctsu0ld Q^mssxscrB^sSl 
(S&GtnsijGmuu uiumuQ\^§isu^lsbsis)ecQujsiT!Q] 

a^rSlm^. l i<z$)auui—Lb stQ\^§i guitlI&u (Sunsirjo 
Q&iusSl (ifi<5VLimaG>GijrT ^svsvgi 6U0lj_u5)<su PDF 
Qaimjurrai pash ist($\£& ) i LElmmt^&sv 
^Lp6VLDrra(]>Gun ^svuulSI aSl(^\S\n)[Tijai<sb srsw/ri/ 
a^rSlmij. 

£|)6i/6Ump/ Q^nL^SV^ILiuLD aS]ss)[jsuiai 
Ld™5)6U0LD &[TGo£GZl<sb £zj)6OTgn/LD S$)&UJ[T<sb 
^iud(§LD STfB^rjrhi&GSxsnu uiumuQ\^§isn§i 
GUGvsfla [fSilujiTa rfihumuuu®^ (Lptsj-iuiTgi. 


^mrrsb Qu(§ (LppsS® Q&tiig] su rrrEidhu sr^^irjib, 

[bsvsv urrnw^uLShsv msu^^l(§ddl0rjsim. 

(j^mmud dlsv u^rrsmQasrr l£}& psir/Drra 
(SsumSV Q^ILUL/LD. £g)61/61//77r5)©<*<* GS)3,lUfTsb 
^]iud(^LD tsrrB^irjrhi&msfr sruui^d 
pmsiflsSlL-dQu n&j aQiua sr^^irjrmansdflsb (LppsS® 
Q&iLiGugj srmgu Qfhid§!ifOfjv>srrn? r£hurrujumm 
GansrroSl! 

^,< 95 (Ssu (3 ld/d<S6ot/7_ LSlrjddlmmd(§ aGhua 
iSlstiTLDfTiijiQ]U Qun(rij{£{£<sb [bsv&j SiijsurnF, 

^GtSUDlL/LD. L/^llU ST^^IrjLD 6Ufr/Ej<S<5 

(UpmsuuuQLD (lp^sSlLls).<sv spqrj dlgu urranb 

LDlIQQlD Q&6VGLI Q&lLl&g 2—IhJ&><51?}l _ LD £|)0<S0LD 

maiurrsb ^]iud(^LD srrB^Irjrhiarmsnd aGhua 
<5TrF,fi?i[jihiif,<sirns, iSlmiDnrorrgiLi Quit(§^sv Q&iliuj 
gglUJ^JLD. 

^mrrsb Q&uinud On.isj.ujgi grrmrr? rsmpna 
spi^dQansmi^q^d^LD ^uj^^irjib stfsmrrd) 
si5)/J./_fr®L) srmm Q&iLisugi simg y asumsvu 
uQdl/firjamrr? r£l uj rrm ld rim a cusai sv! 



0mi&Gtsir Q&iuiu (y^uf-iL/LD (Do It Yourself—DIY) 
GilLLi—0§ilsir Sif ${untj Q&tLnuuuQLL aQiua 
6T0§il[JIhl&<sh 

aQiuai 6T/5£5)/t/h)<* err piurrtf Q&tuGugjLb Lorrppmiaisb 
Q&tLiGij§jLb ^rstflprrdld Qarnsm® snq^Stp^]. 

s7(J);$0/*a;fTL/_!7a), <snmi—n tpmdCftt rrirdsdo^ou 
ft,tryst]mid ftmiaGm Q&iliuj (Lpipiqih (Do It Yourself 
— DIY) otsot/d dtp aGhua iSTft^irjmiaisb 

Q&iLiGupftatTGxr GUGnpui—tEiaGnm iflad (^snpftp 
s61stn<svu51<sv stSlpStprrijaisb. usvtj 
GUGtntjui—tEiaGfruLp aiL-<ft\LDrrm urrarhiasb Q&Lugj, 
(§sm(ftft uisj-ftlsinsv LfssrQutrtftl Gurrmp 

QutT(L£>^iGutrd(^ (hobby) aQiua urraihiastsxsn 
GurrtEidlft ptrtEiaGm srft^ttjftsstp G&rjftgi 
^GtnGmftgidQatTmdlfDtTtjam. ^LbrntT^ltfl piurrtj 
Q&ILHUUUlLL- GpQT) &>G)UJ&> GTfttfttjft^lffST Ul—ftstnp 
£|)/5v(3<s amsmsvtTLb. 



&G)uja, f£las)&a51 (CNCRouter) 

«Q iua LSlesTLorTtoguu QurrQjj&peb 





i3ttTLDirtf)rc)]Li G]urKJ^d,a,sb Q&iua, ass)i—&6V uriB^Irni 

prTsrihuihiSHujrTa spQsijpmsv sp(§ urraab piurrrflda 

<SH>(8)LD &L£/D® (Srspi-b IL-ILD LDJOfQ]LD 

§]sbeSlujLb a®2r/_!./_<5<53i<s /5 <sot0 

&>lL(J))LIU(])}&)&) (LpL^lL/LD. gsfillJ aststflstsfl 
aiL-Q\uurrLii^sv smilLi—ld QarrQuupmsv 




(aLD/DU/TUL/dF dfs^lLD /5<5377D^<* £|)0<950LD. 
^)0LDL/<5^)0LDLJ S£<3/7 LDfT^llfl Q&UJUJ 
^LD/_f<s<s0/5^^/. GdjDsvLD sumurs^ Q^rrL^lsv 
Sl5) <531537(0/7 LDLtJlLDjS/TSOT £|)UJ<S<S (LpUj-lLjLD GTmtQ] 

^)0<®<95(Ssu<SWtiJ.UJ^)fflL)®nSU. U6$)L£>UJ CT/B^)/T/5j<55Syr 

usb&darjLD ^psoQLDrr ^sbsc§] auiSlam ldjd/qjld 
su n : tj uulLgv)/_&< sb ^Lp<sv(SLDtT spQsijpmsv s-tjiriusq 
^i^iaab. <g£i&>G$msb sp®Lb(I>urr§j (ffGSMjd&eb 
tSudhatb, LSlm&nrKLpLb tSufi^&LD Q&GOGurr^Lb 
LDjDjQiLD ^i^dauf. 3-UJG i5)l_ (lubrication) 
(SeiJGm(^Lb. cgi/^)<95 ^)0 l}l/<5 ^Ijdgst Qatrsmi— 
LEimaSiGtn&ayGsxstr (High Torque Motors) Q^tji^iurtai 
<5rL£>Gb <5<SOTT14J_6U (shaft) UlUGSIU(f GU3)fTSV 

^Gtfttjd&sb (^G^IJDGq, <S>iUI-d3,Lq. a_UJSl5)/_ 
(Ssitsmi—trLb LDfonjjLD Lfmsrrqf&sifSiLi ld (S&LSIda 
(Lpi^uqLb. 

aSltDuesxssrujmsfrtT lc>$£ilil$($i 

&f,Gts)&,uSlGb ugv aSitouGSKsmunmijaiisb aQiuai 
i3mi£>rtf)!Q]u G)urTqjj£&><sb Q^iueu^rrad 
Q&msv&OfDrrrjam. sdlfo ugsxsstuj rr gugsuj Lctfiu lT( f. 

Q&lLlGlJgJ (tfidSllULD. tBLDUaLDtrsm LDJDgULD tBGVGV 



pjjLDnm unanmansb uiusirut^^^isu^iLD (LpddhuLD. 
^suijansb srsijGusfTGij i^liQisumrhiaiffdlsb st^ssxsst 

CT/5^)/7/5j<*syr ^LDLDrr^lfl i3m LDn/D^ju 

Quit(§^<sv Q&iufdlfjjjdSljDrrrjam GTsirgi] Gff.idCi^d, 
QpflrBgi QamsrrmsqLb. = 57 / 5 ^ 
su ms\.dss)3>iumsfriaiss)<sn ^ smi dl 
^shQsu^^irjmiaim ^iq^u^iairjLDrTai Gsustnev 
Q&uj&lmrDmGurr CTsw/p/ sfil&rrifldaiGijLb. Gldsvild 
urraiih]3it§fT)d(& ) rfliumuLDnstsr amsvpgjd^ 
QurrguuLiTU^liLiLb (Sjssnsu. &G)uj3> GTfsdZirjrhiasfilsb 
s-im&sb 3SiL^ujijai^d(^ s61jdu enssnumsrrrj uuSlpdl 

PQJjGUgJLb (LpddhULD. 

&Lpei) gessr(Tjid(9) lo/faj/ ^esxsoQiuessr j§)i udSl 
(Variable Frequency Drive — VFD) 

<95i_/5<s &LDrrrj rBrrjDUgj ^smQasrfhsv, 
lF sir di m stnid&n m LSlsmsm smi s^husv 
QprTLfihsvjjjjLLuptdUsv (ipmGmroptmaisb usv 
GursgicSl /_!_/_ < 5 rrsb LcrriQ] ^s^xsvQiusm ^luddhfilsxr 

Q&svsq LDjDtQjLD ^snstvsiid (gsn/DtBgl, 

Q&iLKsvGd/DGtnstr QLDLbu($\£$£iaS}LLi—m. ^jsn^u 
uiusiruQpGdstsTmsv Sripsb psmiqsir G SU<95<5<SD<5 



LD/7/DffUSU<S/l50 CT(5)<®0LD <3/5fRD LD/DtgjLD <361V<S31<SU 
&,sE[j ^sntjd&Gb, urjiLD^uL) 

LD/DfQ] LD LEm&[T[J Q&6VGl]Lb (§6V)JDILILD. £^§1 6T/5<5 

^gysirsiy s-tmaa^d^u uiugstu^ld gtgsiug^i^il/ld 
ld^IulEis^ld. 

attot^j <3eu<ss)6vass>m£ ^rrssflujiiiSlujnd(^su§jLb 
&ir£GZnuih 

&Ghua i3mi£>[rri)!Q]u Qurrq^^sb Q&ilulild 

sEljDUsnmujnsiiTrfaiQsiiT ^rDgtJ (SsiysaisudssaisyruyLD 
&> [T (otifllU IhJ <dUu [T&> LDrTJDJD 2_<561/<95<Sn.(/))LD. ^mSsfllUIhlSl 
S-LUgEU—GV <sh®s)Lduli (Automatic Lubrication System), 
tZmssfliuihiGil 3-Gnfl LDtrjDjE (Automatic Tool Changer), 
urrad LDrTjrjrfil (Pallet Shuttle) 

^dhuGU/Dgiid^ ersi/susrrsiy Q&Gosurtt&fLb stswsot 
uium g,qjjLD <oTmQ]LD LC)d)l li iSh _siy ld. 


rssirnSl Q^fioSluL/aerr (Acknowledgements) 


Michael Vroegop 



15 . aGhua &><s$)L _ &<oV ldjd^jlL 

8tfQJj61]<SV <SS)LDIU[EI&M (CNC 
Turning and Machining Centers) 


&Quj& sr/6^)/7‘/5y<95syflsij upsusvtT^u 
UlLimu($\£&>lju($\U<5tS)GU aGtS)l—&6b (5&)LDILI(LpLX) 
(Turning Center) &j(ij6u<5i) ss)LDiu(LpLD (Machining 
Center) ^(§lL. aQiLia <g 5 <s 3 i/_<?<a) srrB^irjpiiai^fpd^Lb 
GmDujrh]a(gnjd(§Lb £|)<s d/_(Suj 
(Lpsnpiunrsm (Ssur^jutK^) &T^/siyu5)su<53isu. <oT<s$rlmiLb. 
“&Gtni—3 : 6b 'STtB^irjib” stsot/d Quiutj asini—^sb 
ldl(5)(Sld Q&ujiuda^iq-uj (g^iurB^itjr&aiGtnsfrd 
(&)($ld3iij uiumuQ\^s,ijuQ\S\p)§i. £|)<S316UX 
LDtDgULb Z ^<95 ^d&tasnGrr ldlIQGld 

Qairtsssrupq^d^Lb LDjbgULb spCStjQiuirq 5 
i3iq-uiSlg,rtm ^)0<®0ld. ^&ib(3) LDirjorra, 
“asOTL^ai) ss)LDutLb” srmjD QuiupaGtni—&<sv 
GTfBGbirj&Gbisb ^i(§su<sv ^siusv^i gnjuusm^ 

&)rDG$)m sp 0 thiSlss)smd(^Lb ^svsv^i ^jpsmi—tnii 
Q&iUGbutTQ&Gsxstrd Q&ili<sij£jd(&)£ §iss)sm atLpsv 
&>G®sr(])\3iG$)6rrd (sub-spindles) Qamsmi— 



£|)UJ/5|s)/7/5/<S<S316yr <oLl Lp&>&>LD[T&>&> (gjfildSl/Dgl. 

^aGtsij ^surotSlsb ^Lpsirprui Y^dartb asm®. 


a,G)iua> aas)i—&si) anwiULD 

&HT&sfhuihi(8) 3-Gtfl lditjdjS (Automatic tool changer) 
Qatrsmi— «Quta ^iq^susb <oT^^irjthi3ySS)Str^ 
“§](f^susb ss)Ldiuld” toTsirgij Q&msv&ljDrrrjam. 
aGhua ^/0susi) sdldujjS^sot u5)<* 



^Lguusnuiurrm dltDUL3ujsvLi aLpsGhiSlsir 
fiZlG$)&UJ6iS)LDGHg > [Tm. (oW/BVgjjSdg/jS ^l(§SUSV 
stsuDiLiihiam (VerticalMachining Centers — VMC) 
Qungisurrap §]sbsShui£>rtm (Ssusnsod^u 
uiumu($\p&,uu($\&}mtDm. ®<s d/_ld <5 
ajQpsusv ss)LDiuthiasb (HorizontalMachining Centers 
— HMC) Qurrgjsurrau QuQjjLDsrrsy piurrffluLid(§u 
uiumu($\p&,uu($\&}mtDm. 


LE>tf)QtDrt(nj utjsusvrtau uiumu($\p&,uu($\Lb 
ajqpsusb emmutb gofBgj ^daasrr Qanrsmi—gj. 
uspsfluQutTqpsDsrrGSujtT^svsvgi QsiiLiQd 
atpsiSlsmuCSiunr ^svsv^i ^usmstni—iL/GLim usv 
(Satrsmtiiasiflsv ^iqpuu susvsvgj. ^a(Ssu usv 
(Satrsmtiias/rlsv sjqpsusgiLb ^HJuusmtgpLD Qaiiiiu 
G^ILISVILD. <SH&>ttGl]3)l QsmlQd <9506l5) gofb&J 
^daasuflsv pansy ld ^l(pLbusyLD snsvsva,]. X, Y 
LDjDguLD Z Qpmtr}] (Uprf ^daasiflsv paqjjtb. 
LD/Bryid A LD/DgyLb B ^a (^jijsm® ^daas/rlsv 
^) 0 ldl / ld . stsstQsu uspsfluQutTQpsnsrT ^]pp g}p^i 
ddstnaasfilsSlqppajLD ^i smi a G^ilisvild. 




(ipssraj/ Gijfilujtsi) LDjf)Q]LD Qpsirtgj a,ipsb ^i&3,a>6n 



aQiuai atfqjjGueb gshdujld 

grT6isfUurzi(3j usssfluQurrQFjerr LorrjDnSl (Pallet Shuttle 
or Pallet Changing Systems) 









loTrs^uu usvsflLDStnsmiSlsv usvsfluQurTQijGnmiLiLb 

urrathia,ss)miL/ib ss)anum^rb sn^^idarrai 

Qu(rj)Lburrsg]Lb LDppprrsvrrstsr 
^u\.QLDsis)i—3>ss)m < 3ujn^sbec§ ) i aiscriiaissxsnQiun 
uiusiru^p^idlCSprub. GULpdaLDna Qleu 
(Ssustnev (Lp is), p ^lSI sir ^lursSdrjpstnp 

^)(u<®0/_/su/7 unapstnp i3i^ui3uSls6l(r^^§i 
’srQ&gil aGVc^Sd&v <sdsu<s^/si5)l.® tSyQpp 
usssfluQurr^ss^sn srQpgj ^lu^^irjp^isir 
i3i^.ui3uSlsb QurTQjj^gjSLirTrf. spsirQsurr(§ 
urrai&,&j&(& ) Lb Q&iliuj (Ssusmupiu Gsustnev 
^pevmsv stnaiurrsv Q&iuprrsv <syrB&> (Srsup^lsv 
sr^^irjrb uiumrbpprra, ^q^d^rb, s-jbup^l 
Q^iuiuda^i^iu (Srsqib aSsmn^rb. ^sGsu 
a_/D/_/<5^)<5 Gdpstnstsr s-iurjpgjib Qurr (§/_!_(£) «£)iua 
sr^^irjmiaisdlsb prr&sfhurhiq^ usvsfluQurTQjjsrr 
ld rrprfi <* sh su @1 uj ld rrdl eiSI /_!_/_ m. 




CNC machining 
center 


Pallet 
(with part) 


holder 
(empty) 


Shuttle cart 
(empty) 

Shuttle track 


Pallet rack 


Shuttle cart 
(with pallet and part) 


Pallet (empty) 


<Sf7S5fluj(s/0 UGmfluQurTQTjGrr LDirorSl 










<5/rssfltt//5/(3) LDrrjDjfil 

G$)a,iurreb Q&iiipmsv sr^^irj^^isst s-nju^^l 

(5/5/7=55 <531 <5 Slf<SOTTti/.<®0t£) LD/7) Q/7) 70 (LpdSl UJ LCirTSSI 

(Ssus^isv a_syf) ldtvd/ti/su^/. ^rrstsThuiiitS) a_syfi LDtrrprfil 
£D/ 5<5 (j>GU6tn<5VGmu si5)<sjn/r surra# Q&ujsijpmsv 
Gd/osinm 3-iurfgg (Lpu^-iL/ ld. 




g>rr®si)ujim(& ) a_sy fl i£>rrrf)($l 




j^eitrSl Q&>ffl<S)ShjLi(Acknowledgements) 

• Wikimedia Commons— CNC Lathe 

• Wikimedia Commons— Automatic Tool Changer 

• Parts handling system 



16 . <oT[5f£l!J'£l<S81sfl 2 -JDu£§I 
(Cellular Manufacturing) 


(S^s^isudCSajDiD LDimmrLjjdjS, ld ^svsvgj 
LSlmQmrrLLi—LD suLpdii^su^pi^ spQ^didls^ismrB^i 
Q&ujsvu®ld use l£I <SOT<95<SU/si<*srf )sir <S>]GVsflGmUU 
uiusiruQpgi&lGtiDrTLb. ^(SpGurrsv Q^s^smurrm 
urraLD 3-fou^^l Q&iliuj use pstflppesfl 3-fou^^l 
STrs^rjiEiasiflssr ^Gtfsflsmuu uiumuQi^sciLD. 
^)<531<s(Suj STrsS>l!T<3 vsW? Qurrt^mrrdaiLb ^svsvgi 

STrs^rj <s>]Gvsfl 3-iju^^l sjsiiiQ] Q&rrsvSlCSjDm-b. 

s £0 a_/D(_/< 5 ^)u iSIfisiSleb, sp(§ urraub ^svsv^i 
^Is^ism^Q^rr^ULi piurrrflda Q&>sts)suujrrm 
<9 /<SD<537<5^/ G)&UJSVU[T(J))&>(Qn)Lb c 5 / 0 <950<3<95 
Q&ilhuuuQlL. QurfKLburrsviLC) U- sulj.su 
^s^ildulSIsv STfB^irjmiansb 

«£(i£>/lif<S6y>LD<S<S/jz_/Z_!.LJ_0<950LD. 

STfB^ifjdiaissxsfT ^ujd^usuijaisb Qunrgjsurra 
usvsfil < 5 LDrrm (Ssusaisuassyflsu (Smse^lsi uuSlpdl 
Qu/Dffl^uurj. ^aGsu ^sufjasfmsb 


(S^s^isuuu®ld u<svG dS]&) ld rr(5&T UGtvsfi&Gsxsrrd Q&ILIUJ 
(LpL^lL/LD. 

spGSrj Lorr^l/fliurTssr urrarhiastsvsrru Quq^LDsrraSisb 
2-JDLl£$5l Q&lLllLI £§)/5;5 (tpSS)g) UUJ6VTU®SllD^I. 

^Lbrntr^lfl Qgni _ ijdffi uj nv,d Q&iusugmsb 

Q&ilksv (Lps^i/DuSlsv spqjj i3rjd§\s<s)m sug^rtsb 

(Lprssn^uj Q^iusvigps^ijDsmu s-i—migiurtaid 
&fl Q&ILIUJ (LpiglL/LD. l3sS)if> SUggj 
$tjrtai(ild&>uu®Lb urraiEiatsiflsir ®S)(Lgdai[T® 

(gSm/DlL/LD. 

sr®^§ldarril®: < 5 miiSluSleir sue^eiuuisiaefT 

«n®£§ld&mli_rT& firdam ^trihidluSlsir Qsusifl 

su&nsmuLD (bearing outer ring) ldjd^JLd a_svr 
snssxsmuLD (inner ring) usvsvtruSlijdsismddUsv 
piunflda (Ssusm®Li <nmgy <sr>s 
Qff,nshQsunii>. 




1. Ghsusifl GUGSXSmULD 6. 3-<sb SUSSXSmULD 
£|)/5<5 C3SU<SDSU<SDUJ<95 0 LprriU SUtff_SU<95@6U;61T61T 

<95<?<?/ru QufT0syfiSiS)0(60/ Qdg jl_ rhi 0 sifrj j> err. 
(tp<5Su(3su<SDSUUJf7<95<95 <950uj<95 a61DI—&6V iSTfB^lfJ^^lsb 
3=rrs^ism i3i±&ai ldlLQld su / jxdl / si 5 )/_!(£) 

SUt<J_Sl5)sU 2_(3sU/7<95 SlsUL.®) (o)<?ujsiJ'/jf<95S)T. 
/^/P/susot^^sot §\mm£GS)&>iLiLb ^rrmiSluSlm 
^ss)i—UJ[TSfT toTGmswsmiLi ld (Lp3yUuda£$<sv 






(tp< 5 ^)<s 3 i/ 7 uS@^su ^psmi—rrsijgi (S<su63i<su. 
pyjssTfonsui^i auj.stsruuQpgipsv (hardening) 

LDfOfjjjLD u&.uuQ^&j&.sb (tempering). £|) 6 u/D 63 i/D 

auj-struu ®<5<5 ^imsqd^ drjrra, 

(S^i—rrd&l ctsottsdsottu® si) if, 65 $fid it, (quenching) 
(Ssusmf^LD. <sn(i)\d,3)i upuu®^ (^jt^ul3lLl- 
^srrsqd^ (&,i—rrddl spflQTj LDststfl (Srspid 

6$)6ud)&>i(J])d&> (Ssusmf^LD. ^rteortsu^i (S<su63i<su 
pmsmsm i3Lpd,g,sb (grinding). (Lp^sSlsb 
Q&,6ts)6uiunm tSd&soLD <sdsu<5^/ (tp<s<563i<5 <5/76316357 
i3u\-dai (S<su 6357 (/>)ld. ^s>i®d,§j Qsusifl 
<Sl5)<5 631<5U7LD 2_677 <Sl5) l1/_<5<S31<S 07 LD .5/76316357 
/_?) LJ_<S<5 (SsU 6357(/))LD «<531 i _&1 ILI fT3i 6p (J)<5/_<5651<5<5 
(S<56316UUJ/7637 6 UL< 7 _<SU< 5 | 5 )<SU <5/76316357 l5)l^_<5<5 

(SiSU 6357(/))LD. <5<S31 Z_ <dl CS<SU<S31<S11 .5/76316357<S <5<si)<SlS)<si) 

^L.(J)^<si) (honing). 

tsrrr&i&luShssT GuevsmuiEi&srr—euipdaiDmssr S-jou^^f 

suLfidaLtma £|)/5<5 (o) < 5 /7L$/7) <5/7631 <siiu5)<si> srfBddfju 

Z_/<535$LD<531(537; (tp <5 |j) 631/7u5)® <5 <SU, QsUUUU 
U£6isfh—<SV pstsflppstsflu (_/0^)<561Tf7<5 £|)0<S0LD. 
toTfBdylfJU LJ635$LD631637U5)<S£> <5631/_5<si), 5176316337 



/_5)tij_<$<$6u $5Li($\&>sb 2-LLi3$}GH&<srrrT3i 

£§)0<S0LD. 5^si/(o)sU/T0 Q&lU<SV(Lp6tr>[DlLILb (LpfJJ_/7>a> 

i3m uswfhjQunq^Liaissxsn^ Q&>n(&)$ 

Q&.rrt&f^ULmai (batch) Qsiusb(Lp an to da trssr 

ST^^ItJLD ^)0<®0LD £Di_<5dg/<*0 ly&> 617 fT /7<S StT. 

pmiiSlifilGsr GuememurEi&Gfr — errs$51 p 
tSyessfl s_rDUJ5&)l 

(oTtB^lp ssystrsfl 3-JDU@6il(Lp<&r>JD (fl)<5/T0LjL/6U/f)<Sy><9 : 
(assembly line) 3_f6ud,§(i(Lpss)jr) Gurrssriry use 
ot/ 5 £ 5 )/7/5J<S<S316V7<5 Q^rrupd^iurtaiu 
uiusirut^^^iSl/D^i- ^(5&> rflstnsvujiEias/rlsv 
spsitQsnrtsittQiLb spsirgu ^svsvgj usvGsuiqjulLl- 
^uj^^ipmiaissxsnd Qatrsm® sp(§ (§jt51ul3lLl- 
usvsflsmu rffsnpGsuiDguSisirpsm. 
U6vsfluQurT(iJ)Llasrr epQjj /^63i6U(7J<$^)aS)0/B^/ 
^(/^•s r£lstnsvuj£G)liD(8) QurrKLburrsviLb 
&>rts$fhurh]((f ) usvsfluQurTQijm LDrrrorSl opsotb 
/5<S0i£>. 6£ 61/0 617/70 rffsDSVUJ(LpLb S-JDU^^I 
Q&iusvixpstniDuSlsxr spQjj u@§>l6mu rflstninsii 
Q^iudljD^l- 



'LpSSTSST'j - Qufltu GTSiSTSSxfld&n&uQsV U 7t£ 5J S>SD SIT g>0 g/SPr)U?SV Q&UJ‘Sti'LpGF>'r) 'Lf. Vf-^jblS$ST 
■^i(E'$g> §ISS>pd'&) T)3ij$§l5i!3prTl£ l 



L$$sTS5rj- &$tu &rsuwswf l *s^dsa^si.' u'T3.!hJ3isr>6fT s-lLu d ^srr Q&tusvrtps&rQ 'Lpi^.d,^ 
^«> 7 )fiV Q&uSlGrDTiL 



CT/5^)/T ^s^sfl 3-fDU^^I 

QurfhLbunrsvni ’STfB^ifjiiiaisb “U” suls).su£B^I<sv 
^ (ip/5J <95 <531LD <95 <95 LV U (J) ffl SOT/D <5W- 
u<5tsrfhjQurT(ri)L-3iG$)<5fr Lfilad (^s^psurrai 


















[B 3 ) fjif> it)jGl]3)rd!3)Lt, G LLjfO U nij&S) 61 / tU ,7 6/7 fj (Lp (L/j 
Q&iu<5V(LpGtnfDGmuiLiLb /5<ssT(3j aGmarrGvsfldaGij ld 
$[Bp ^SS)LDUI_I SU6F^)uj/T<95 $(§ddlp^l. 

^svsfluSlsvisrrm srd^imh]an<sfhdS}s<s)i—u5lsb 0/p/®uj 
§!J[jQld $(^uupmsv urtatmaGsxsrr [Bajp&tiGiJ&ti 
toTs/rlgj. (Hldg^ild $i—id> (s^ssipsurta, $(§uupmsv 
&[jd(& ) &>Gts)<srr GpesisnuSlmiSl <s>GmGmju&jLb 
&>®S)!jd3>LlU($\&\rD& ) l. $6V>a> Slf^l(Lpsinpuu(f)pp 
dhsvrj urradiam ^QddlstnGijda a-d&GurjLbLj 
sif^Iuu^ism(f). dUsvrj Gpqjj Grsmsvsfldstnad^ Gldsv 
urr&tmaush<s>t®dd) <snsu«<s $iu<svtrpuLp 
< 5 ®l}l/ 66 S)t sdsi luugjLD ssm(f). 

(%&>Gts)Gi]d(& ) ldlIQGld 2_jrs ufS) (Just-in-time 
manufacturing) / sp(f)rhi(^rfl&nsv a_»ju^ (Lean 
manufacturing) Gurrmp Qa=UJ<sb(Lpss)pu 5 hu<sb a>err 
eouurTGsflsb Qi—rrGiumil—rr (Toyota) rflpjsusmp^lsv 
Qprri—ihiS} s-GvQarhidlsyLb urjsusort 3 >il 
uujmuQ\pp,uuQ\S}mpm. &rjdG$)3i 
G>p6mGijda6ilaLD[T& <3ff)dd) stnGuuustnpp 
&>®S)tjda $supiSlsb spqj) msufliu (Lpssipsmuu 
i 3 mupp]S\prttjai<sb. sr^^irjthian^d^ $sini—u 51 <sv 



urr&tmasb snsudai Gpqrj G>ldg$)& ^svsv^i 

^snuuSlsv < sz _!_ z_ld (Huml® euGSirjiurQjgg 
u(&)$£iasb 3-s$$i($\. ^]si7/)jffi/<g50 spq^ Grsfiiuj 
oSl^l^rTSST. "(SLI_ LB /5<S51/D/5^)0^/7<S1l) 

a_/DU<s^)®r>uj rflgupgiihiam; £|) sbsortaSiLh—isb 

r§)IJLlL-lIhJ&GfT. ” 

rseirrfi} Q^aSluLiaush (Acknowledgements) 

* Wikimedia Commons—Ball bearing 

• Cellular manufacturing 




